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INTRODUCTION 

U.S.    Forest  Service  experience  has   shown  that  clearcutting  Douglas-fir 
in  the  Pacific  Northwest  does  not  always   result  in  successful   regeneration, 
either  natural  or  artificial.      Where  regeneration  has  failed,    this  has  been  due 
to  such  causes  as  temperature  extremes  and  drought.      Failures,    primarily  at 
higher  elevations  in  the  Oregon  Cascades,    led  the  Forest  Service  to  try  shelter- 
wood  harvesting,    beginning  in  1962,    as  a  possible  alternative  to  clearcutting. 
I  surveyed  these  initial  shelterwood  stands  in  summer  1970  with  two  main 
objectives: 

1.  To  determine  how  successful  shelterwood  harvests  were  in  securing 
natural  regeneration. 

2.  To  determine  survival  and  condition  of  the   shelterwood  overstories 
during  the   regeneration  period. 

A  total  of  21    shelterwood  cutting  units  were  available  and  examined.      All 
were  at  high  elevations   (3,  000-  5,  200  feet)  in  the  Cascades  of  western  Oregon. 
The  units   ranged  from  the  Mount  Hood  National  Forest,    just  south  of  the 
Columbia  River,    to  the  Rogue  River  National  Forest  in  the  vicinity  of  Butte 
Falls   (fig.    1).      Brief  descriptions   of  each  unit's  location,    stand,    and  environ- 
mental factors  are  summarized  in  table   1,      On  the  Butte  Falls  District  of  the 
Rogue  River  National  Forest,    three  of  the  four  units   (18,    19,    and  20,    table  1) 
actually  were  in  the  mixed  conifer  type   so  that  there  were  many  fewer  Douglas- 
fir  than  other  tree   species  in  these  residual  overstories.      In  unit  19,    no  Douglas- 
fir  trees  were  in  the  sample  though  several  were  observed  outside  the   sampling 
strip.      These  units  were  examined  primarily  to  see  how  successful  Douglas-fir 
regeneration  was  under  these  minority  conditions. 

In  all  areas,    shelterwood  trees  were  vigorous  dominants  and  codominants 
from  the  original  stands.      The   residual  density  of  a  few  (units   3,    4,    5,    6,    and 
10)  of  the  "shelterwood"   stands  actually  fell  in  the  "seed  tree"  density  classifi- 
cation (less  than  25-percent   residual  basal  area).        In  all  units,    foresters 
attempted  to  prepare  an  adequate   seed  bed  for  Douglas-fir  through  piling  and 
burning  of  duff  and  slash.     Success  of  seed  bed  preparation  varied,    apparently 
depending  on  skill  of  tractor  operators  and  weather.     As  far  as  could  be  ascer- 
tained,   none  of  the  units  were  rodent-baited. 


David  Martyn  Smith.      The  practice  of  silviculture.      New  York,    John  Wiley    &  Sons, 
Inc.  ,    578  p.  ,     illus.      1962. 
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Figure  1. — Study  area  locations. 
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METHODS 

NATURAL  REGENERATION 

Regeneration  and  site    conditions   in  each    shelterwood  unit  were  assessed 
through    a  systematic   survey  of    4-milacre  circular  plots.      Sampling  intensity 
was  light,    averaging    about  0.  4  percent.       Data  on  each  plot  included: 

2 

1.  Number    of   natural  seedlings   (10  maximum),     at    least    2  years  old, 

by  species . 

2.  A  wedge-prism  (BAF-10)    estimate  of  shelterwood  basal  area  surround- 
ing each  quadrat. 

3.  An  ocular    estimate  of  current  canopy  density    of   lesser  vegetation. 

4.  Type  of  seed   bed  created  by  site  preparation  and  logging: 

Mineral  soil,    100-75  percent  of  plot  area 

Heavily  disturbed  with  75-50  percent  in 
mineral  soil 

Lightly  disturbed  with  about   50-25  percent 
in  mineral  soil 

Undisturbed  duff  and  litter,    less  than  25 
percent  in  mineral   soil. 

Even  8  years  after  site  preparation,    seed  bed  conditions  could  be  identified 
by  type  of  disturbance.      The  compacted  duff  and  litter  that    ordinarily  carpet  the 
forest  floor  apparently  did  not  readily  disintegrate  when  exposed  by  shelterwood 
cutting.      Forest  litter  and  duff  were  easily  discernible  from  herbaceous  and 
shrubby    vegetation  litter  formed  after  site  preparation. 

THE  OVERSTORY 

Overstory  condition  was  assessed  through  systematic   strip  surveys 
designed  to  sample  at  least  50  residual  trees  per  unit.      If  a  unit  was  too  small 
to  have   50  trees,    all  trees  were  assessed.      Strips  were  one-half  chain  wide, 
with  total  length  based  on  unit  sizes  and  residual  tree  densities  provided  by 
the  Ranger  District.      These   surveys  included: 

1.  Descriptions  of  any  damage  on  each  live  tree. 

2.  Probable  cause  of  mortality  for  dead  trees. 

3.  D.  b.  h.    of  all  sampled  trees,    including  trees  that  died  during  the 
regeneration  period. 
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Seedlings  alive    and  vigorous  in  August    of    second  growing  season  were  assumed  to 

be  2  years  old. 


SUPPLEMENTARY  DATA 

I  had  planned  to  use  the  wedge-prism  estimates  of  overstory  basal  area 
as  one  of  the  major  predictors  of  regeneration  success  in  the  analyses  of  data 
in  this   study.      It  is   easy  to  estimate   stand  basal  area.      I  recognized  that  over- 
stories  influence  the  survival  of  seedlings  primarily  through  provision  of  shade, 
but  shade  cast    by  overstories  is  difficult  to  measure.      I  hoped  that  basal  area 
estimates  would  sufficiently  indicate  amounts  of  shade  and,    consequently,    regen- 
eration success.      Part  way  through  the   survey  (after  surveying  unit  3),    it  was 
apparent  that  even  an  ocular  estimate  of  overstory  shade  might  be  a  better  esti- 
mator of  regeneration  success  than  the  wedge-prism  basal  area  measurement. 
Such  an  estimate  of  shade   seemed  desirable  because  I  could  see  that  different 
stands  of  the  same  basal  area  per  acre  could  cast  substantially  different  amounts 
of  shade.      For  most  units  after  unit  3,    I  estimated  the  percentage  of  total  ground 
area  in  each  cutting  unit  that  was   shaded  by  the  overstory  at  noon,    and  made  this 
estimate  from  the  highest  available  elevation  within  or  adjacent  to  the  cutting 
boundary. 

RESULTS  AND  DISCUSSION 

NATURAL  REGENERATION 

Average  Seedling  Density 

Results  from  the  stocking  surveys  were  consistent  with  expected  changes 
from  results  of  similar  surveys  made  by  U.S.    Forest  Service  District  people 
in  previous  years;  i.  e.  ,    additional  time  resulted  in  some  improvement  in 
stocking.      In  most  cases,    regeneration  stocking  is  at  least  adequate  by  U.S. 
Forest  Service  Region  6  standards.      These   standards   require  a  minimum  of 
250  uniformly  distributed  4-year-old  trees  per  acre,    or  greater  numbers  of 
younger  trees.        Douglas-fir  seedlings,    which  were  at  least  2  years  old  (aver- 
age about  4  years),    averaged  at  least  845  per  acre  (range  20  to  2,  330);   seedlings 
for  all  species  averaged  at  least  1,242  (range  140  to  3,410)  (table  1).     These 
means  and  ranges  resulted  when  seedling  counts  were  arbitrarily  limited  to  10 
seedlings  per  plot.      Region  6  standards  also  consider  50-percent  stocking  of  a 
sample  of  4-milacre  quadrats   satisfactory.      Both  standards  assume  seedlings 
are  well  distributed  throughout  the   sampled  area.      Average   stocking  for  these 
data  is   69  percent  (range   12  to  100  percent)  for  Douglas-fir  seedlings.     Satis- 
factory stocking  in  two  shelterwood  units   (units  8  and  9,    table  1)  was  particu- 
larly gratifying  to  me  because  I  had  personally  made  stocking  surveys  in  the 
mid- 1  950' s  in  some  nearby  older  clearcuts  which  had  experienced  repeated 
plantation  failures.      These  repeated  failures  indicated  particularly  severe  local 
environmental  conditions,    which  shelterwood  harvesting  apparently  mitigated. 

A  few  of  the   shelterwood  units   (southwest  Oregon  only)    were    planted   to 
Douglas-fir  or  ponderosa  pine.      Not  enough  units  were  planted  to  warrant  formal 
study  of  the  success  of  these  operations.      However,    planted  seedlings,    where 
noted,    invariably  appeared  to  be  vigorous  and  to  have  good  survival  percentage. 
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Forest  Se  ^vice  Manual  2472.  1  .  11.2. 


Seed  Bed  Influences  on  Seedling  Density 

Seed  bed  preparation  is  one  of  the  more  important  causes   of  variation  in 
seedling  density  and  distribution  in  these  study  areas.      As  expected,    stocking 
percent  by  seed  bed  type  for  each  unit  showed  that  the  mineral  soil  seed  beds 
were  more  effective  in  promoting  natural  Douglas-fir  regeneration  than  was 
undisturbed  duff  (table  2).      Also,    the  mineral  soil  types  have  percentages  of 
seedlings  in  Douglas-fir  that  are  about  twice  the  percentage  of  undisturbed  duff 
(table  2).      Thus,    lack  of  seed  bed  preparation  could  lead  to  species  conversion. 

Table   2. — Percentage  of  stocked  quadrats  by  seed  bed  types,   for  Douglas- fir 

only  and  for  all  species   together 


Seed  bed   type 


Percent   stocking    (mean) 
Douglas-fir      *      All   trees 


Douglas-fir 
as   percent 
of   all   seedlings 


Mineral   soil 
Heavily   disturbed 
Lightly   disturbed 
Undisturbed   duff 


83 
78 
68 

29 


88 
83 
78 
50 


62 
79 

6  7 
34 


Areas  where  slash  and  duff  were  removed  had  a  marked  reduction  in 
lesser  vegetation  (notably,  ceanothus  spp.  and  bracken  fern)  when  compared 
with  undisturbed  areas  (fig.    2,    A  and  B).     However,    these  data  did  not  permit 


Figure   2. — Effects  of  site  preparation  on  brush  development,    8  years   after  shelter- 
wood  cut:      A,    This  portion  of  North    Santiam  unit   1   had  little  site  preparation; 
B,    this  portion  of  North  Santiam  unit   2  had  good  site  preparation. 
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evaluation    of   this    consequence    of    seed    bed   preparation    on    seedling    density 
because  lesser  vegetation  canopy  density  was  not  tallied  by  species.     Individual 
species   obviously  differ  greatly  in  their  effects  on  Douglas-fir  seedlings,    and, 
in  turn,    are  affected  differently  by  site  preparation. 


Overstory  Density  Influences  on  Stocking 

Residual  overstory   density  primarily  affects   seedling   survival  by  providing 
shade.      Shade  is  especially  helpful  in  severe-site  locations  where  lethal  soil  sur- 
face temperatures  or  drought  can   be  expected.  Even  in  the  middle  of  com- 
pacted landings,    shade  can  make  the  difference  between  seedling  life  or  death 
(fig.    3).      Openings  as  small  as  about  one-half  acre  were  observed  to  have  inade- 
quate  stocking  in  severe-site  situations.      Where   suitable  overstory  trees  are  not 
available,    one  may  have  to   resort  to  fill-in  planting  with  shade  provided  by  chunks 
of  wood  or  manually  placed  objects. 
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Figure    3. --Numerous   seedlings , 
like   the  one  near  the  pencil 
end    (shown  by  arrow) ,    existed 
in    the  shade   of  a   windthrown 
tree   in   the  middle  of  a   large, 
compacted  landing.      Few  seed- 
lings  existed  elsewhere  in 
the   otherwise   unshaded  landing. 


Roy  Ragnar  Silen.      Lethal  surface  temperatures  and  their  interpretation  for  Douglas- 
fir.      Ph.D.    thesis,    Oreg.    State  Univ.  ,    Corvallis,    1  70  p.  ,    illus.      I960. 

5 
Jerry  F.    Franklin.     Natural  regeneration  of  Douglas-fir  and  associated  species 

using  modified  clear-cutting  systems  in  the  Oregon  Cascades.      USDA  For.    Serv.    Res. 

Pap.    PNW-3,    14  p.,    illus.     Pac.    Northwest  For.    &  Range  Exp.    Stn.  ,    Portland,    Oreg. 

1963. 

6 

Don  Minore.     Shade  benefits  Douglas-fir  in  southwestern  Oregon  cutover  area.      Tree 

Plant.    Notes  22(1):   22-23,    illus.      1971. 


My    ocular    estimates    of   overstory    shade    were    a   little    more    closely 
correlated  with  stocking  percent  of  Douglas-fir  seedlings   (after  arcsin  transfor- 
mation of  percentages,    r  =  0.  53  with  11    degrees  of  freedom)  than  were  my  prism 
estimates  of  residual  basal  area  per  acre.      However,    analysis  and  discussion 
below  are  based  primarily  on  basal  area,    since  it  is  much  easier  for  foresters 
to  estimate  and  use. 

Within  limits,    the  denser  the  overstory,    the  greater  the  percentage  of 

"7 

stocked  quadrats  for  any  given  seed  bed  condition  (fig.    4).        Note  that  with  good 
site  preparation  (heavy  disturbance),    almost  any  reasonable  overstory  density 
will  produce   satisfactory  stocking,      I   think  this   result  is  attributable  to  the 
generally  mesic  conditions  prevailing  in  the  localities  of  these  units.      Mesic 
conditions  were  assumed  if  adjacent,    older  clearcuts  have  generally  restocked 
satisfactorily  through  planting  or  have  a  favorable  combination  of  slope,    aspect, 
and  physiographic  position. 
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Figure   4. — Stocking  percent   related   to  residual   basal   area  and  kind  of  seed  bed. 


There  are  indications  that  overstory  densities  above  about  50  percent  of 
normal  basal  area  are  too  dense  for  satisfactory  regeneration.      In  the  Silver 
Dollar  units   (units   1    and  2,    table   1)  the  overstories  appeared  to  compete  severely 
with  seedlings  for   soil  moisture   since   seedlings  were  observed  to  be  much  more 


Percentage  data  were  transformed  by  arcsin  method  prior  to  analysis.     The  arcsin 
multiple  linear  regression  equation  is:     arcsin  Y  =  147.  1  +  0.  166:>9  (BAF-10)  -   42.  548 
(seed  bed  class).      Multiple  R  =  0.  66**  with  17  degrees  of  freedom.     Standard  error  of 
estimate  =   14.  2  degrees.      Figure  4  illustrates  solutions  of  this  equation  after  ret  ran  s  forma- 
tion to  percentages. 
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numerous  in  the  openings  between  crowns  than  they  were  within  the  drip  lines 
of  crowns.      This   resulted  in  very  clumpy  distributions  of  seedlings.      In  the  Noman 
unit  (unit  20,    table   1),    where  the  overstory  looked  like  the  result  of  heavy  thinning 
rather  than  of  shelterwood  harvesting,    Douglas-fir   seedlings  appeared  less  vigor- 
ous than  associated  true  fir  seedlings. 
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On  the  other  hand,    overstories  can  be  too  open.  Several  units  (units   3,  4,  8, 
5,    10,    11,    and  13,    table   1)  have  aspect,    slope,    and  physiographic  characteris- 
tics,   or  plantation  failure  histories  in  nearby,    older  clearcuts  which  indicate 
severe  environmental  conditions  for  young  seedlings.      Those  units   (8,    9,    11, 
and  13)  with  overstory  densities  within  the   range  of  25  to   50  percent  of  normal 
basal  area  (approximately  equivalent  to  percent  of  original  basal  area)  have 
satisfactory  stocking.      The  units   (3,    4,    and  10)  with  overstory  densities  below 
this   range  have  unsatisfactory  stocking.      Table   1    does  not  indicate  much  differ- 
ence in  regeneration  success  between  units   10  and  11.      The  primary  difference 
is  in  distributions  of  seedlings,    with  more  dumpiness  in  unit  10.      Lower  over- 
story density  in  unit   10  is  due,    in  part,    to  large  openings  in  the  stand.      These 
openings  invariably  were  observed  to  have  poor  stocking  of  seedlings. 

If,    in  anticipation  of  some  future  mortality,    one  assumes  that  70-percent 
stocking  is  a  desirable  objective,    then  figure  4  indicates,    for  example,    about 
75  square  feet  of  basal  area  as  being  a  desirable  overstory  density  for  the  aver- 
age  seed  bed  condition  in  this   study  (about   50-percent  mineral   soil)  and  for 
generally  mesic  conditions.      If  environmental  conditions  are  severe  (excessive 
heat,    drought,    etc.)  then  denser  overstories  might  be   required.      Three  units 
(8,    9,    and  10,    table   1),    near  one  another  in  an  area  where  plantations  have 
repeatedly  failed,    substantiate  this  viewpoint.      Unit  9  had  shelterwood  density 
of  approximately  40  percent  of  precutting  density  and  appeared  to  have  the  most 
sufficient  and  uniform  distribution  of  seedlings  among  units   8,    9,    and  10.      Unit 
10,    with  only  about  1  6-percent  residual  basal  area,    not  only  had  the  lowest  num- 
bers of  seedlings  and  poorest  stocking  among  these  three  units,    but,    as  men- 
tioned before,    the  distribution  of  seedlings  was  clumpy.      In  units   9  and  13 
(table   1),    residual  basal  area  of  about  40  percent  of  original  has  resulted  in 
satisfactory  regeneration  where   severe   site  conditions  can  be  expected. 

The  analysis   relating  my  estimate  of  overstory  shade  to  stocking  percent 
showed  that,    on  the  average,    about   50-percent  shade  would  be  needed  to  result 
in  70-percent  stocking  of  quadrats.      The  amount  of  shade  can  be  controlled  by 
varying  overstory  density  according  to  stand  average  diameter  (fig.    5).      For 
these   stands, 

Y  =   13.  47  +   0.  38RBA   -   0.  0076ft?2, 

r  -  0.  89**  with  10  degrees  of  freedom.     Standard  error  of  estimate  = 
8.33  percent. 

where: 

Y  -  percent  ground  shade  (ocular  estimate) 
RBA    =   residual  basal  area  in  the  overstory 
Dq   =  quadratic  mean  d.b.h. 


Note    that  more  overstory  basal  area  is   required  to  provide  a  given  percentage 
of  shade  by  bigger  trees  than  is   required  of  smaller  trees.      If,    for  example, 
average  d.  b.  h.    of  residual  trees  is  48  inches,    then  about  140  square  feet  of 
basal  area  per  acre  are  required  to  provide   50-percent  ground  shade.      If  Dq  is 
only  24  inches,    about  105   square  feet  of  basal    area  are  needed.  In    practice,    the 
level  of  basal  area  may  vary  also  with  preharvest  stand  density  and  species  com- 
position.      Formal  studies  on  these  relationships  and  on  the  influence  of  stand  Dq 
are  necessary  to  verify  or  improve  the  prediction  of  required  residual  basal  area. 
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Figure   5. — Overstory  shade  related   to   residual   basal   area   and  quadratic  mean   d.b.h. 


Readers  may  think  that  some  of  the  shelterwood  effects  or.  regeneration 
discussed  above  are  influenced  by  gross  climatological  and  edaphic  differences 
associated  with  differences  in  geographic  location.      For  instance,    table   1    shows 
that  young  (start  of  regeneration  period  in  1967  or  1968)   units  in  southwestern 
Oregon  (units   12,    13,    15,    16,    and  17)  have  considerably  greater  numbers  of 
Douglas-fir   seedlings  than  do  young  units   (3,    4,    and  5)  in  the  Mount  Hood  area. 
However,    young  units  in  the  Mount  Hood  area  had  very  light  overstory  densities 
(about  7  to  1  8  percent  of  original  basal  area)  which  appeared  incapable  of  miti- 
gating hostile  environmental  conditions.      Overstory  densities  in  young  units  in 
southwestern  Oregon  were  heavier  (about  23  to  40  percent  of  original  basal  area) 
and  appeared  much  more  capable  of  moderating  environmental  conditions.      The 
trends  illustrated  in  figure  4  are   real,    and  this  difference  in  seedling  numbers 
is  due  primarily  to  overstory  density. 


The  relatively  large  numbers  of  seedlings  that  occurred  in  the  young 
southwest  Oregon  units  illustrate  how  easily  overstocking  can  occur  when  every- 
thing is  "  right"--good  overstory  density,    good  site  preparation,    and  a  bumper 
seed  crop.      On  the  other  hand,    if  things  are  not  "right,"   especially  with  respect 
to  overstory  density  and  site  preparation,    serious   understocking  can  occur  just 
as  easily. 
10 


Site  preparation  and  overstory  density  are  probably  more  important  than 
heavy  seed  crops  in  assuring  adequate  natural  regeneration.      At  the  start  of 
regeneration  period  from  1962  through  1966,    most  of  the  older  units,    regardless 
of  location,    were  of  reasonable  overstory  densities   (20  to  50  percent  of  normal 
basal  area)  and  had  good  site  preparation.      All  are  now  adequately  stocked.    Cone 
crops,    however,    were  rated  failure  or  light-to-failure  in  the  period  1962-65,    with 
no  appreciable  cone  crop  (medium- light)  until  1966.        Since  seedlings  of  all  possi- 
ble ages  were  observed  in  most  units,    it  is  obvious  that  some  regeneration  occurred 
during  years  of  predicted  low  seed  fall.      It  is  likely  that   shelterwood  harvesting 
in  these  units   stimulated  cone  and  seed  production,    as  has  been  noted  elsewhere. 
If  true,    such  stimulation  means  that  land  managers  will  not  have  to  time  shelter- 
wood  harvests  with  good  seed  crops. 

Several  units  had  topographic  and  physiographic  features  which  would 
probably  cause  frost  damage  under  clearcutting,    yet  no  frost  damage  was 
observed  under  shelterwood  in  these  units.      The  lowest  overstory  density 
among  these  frost-prone  units  was  about  63  square  feet  of  basal  area  per  acre 
(unit  14,    table  1).      The  equation  illustrated  by  figure   5  indicates  that  this  unit 
had  about  20-percent  overstory  shade,    which  might  be  interpreted  as  being 
approximately  equivalent  to  20-percent  reduction  of  nighttime  outgoing  radiation. 
It  seems  likely  that  shelterwood  stands  having  density  between  25  and  7  5  percent 
of  original  basal  area  will  generally  provide   sufficient  protection  from  frost 
injury. 

Species  Composition  of  Seedlings 

Douglas-fir  is  generally  represented  among  seedlings   relative  to  its 
proportion  in  the  overstory  in  an  approximately  linear  manner   (fig.    6). 
Note  that  all  three  units  on  the  Butte  Falls  District  have   Douglas-fir  repre- 
sented much  more  among  seedlings  than  in  the  overstories.     A  heavy  seed 
crop  for  Douglas-fir  in  this  locality  in  1968  may  be  responsible  for  this. 

THE  OVERSTORY 

Overstory  survival  has  been  excellent  with  mortality  over  all  units 
averaging  only  2  percent  by  numbers  of  trees.      Many  units  had  no  mortality. 
Mortality,    where  it  occurred,    was  largely  in  species   such  as  western  hemlock 
and  Pacific  silver  fir,    which  are  very  susceptible  to  sunscald.      In  exposed 


Washington  (State)  Department  of  Natural  Resources.      Annual  cone  crop  reports. 

Also,    mimeographed  reports  by  USDA  Forest  Service,    Region  6,    giving  seed  collection 

information. 
9 
E.    H.    Carman.      Regeneration  problems  and  their  silvicultural  significance  in  the 

coastal  forests  of  British  Columbia.     B.C.    For.    Serv.    Tech.    Publ.    T.41,    67  p.  ,    illus. 

1955. 

Percentage  data  were  transformed  by  arcsin  method  prior  to  regression  analysis. 
The  arcsin  regression  equation  is:     arcsin  Y  =   32.  12  +  0.417  arcsin  X.     R  -  0.61**  with 
18  degrees  of  freedom.     Standard  error  of  estimate  is   1  3.  li   degrees.      Figure  6  illustrates 
solutions  of  this  equation  after  retransformation  to  percentages. 
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Figure   6. --Douglas- fir  seedlings   and  overstory 
trees   as   percentages   of  all    species. 


locations    with  shallow  soil,    shelterwood  stands  that  are  too  open  are   subject 
to  possible  dessication  and  windthrow.      For  example,    Frazier  Mountain  3 
(unit  4)  had  shallow,    wet  soil,    was  fully  exposed  to  east  winds,    and  the   over- 
story  basal  area  was   only  about  10  percent  of  that  in  the  original  uncut  stand. 
This  unit  had  more  mortality  (17  percent)  than  any  other  unit  (fig.    7).      Besides 
windthrow,    some  mortality  appeared  to  be  the  result  of  dessication. 

The  only  other  unit  on  shallow  soil  (Watson  Creek,    unit  1  5)  was  in  a  more 
favorable  moisture  and  exposure  environment  than  Frazier  Mountain  3  (unit  4) 
and  the  residual  stand  was  heavier- -about  one-third  of  the  original  stand. 
Mortality  in  this  case  was  caused  by  windthrow  only  but  was  only  2  percent 
by  number  of  trees. 

The  effect  of  overstory  removal  could  be  observed  in  only  one  unit.     Here 
the  regeneration  period  was  judged  completed  after  5  years,    and  the  overstory 
had  been  removed.      Seedlings   survived  the  overstory  removal  well,    with  a 
negligible  drop  in  seedling  density  as  indicated  by  stocking  surveys  before  and 
after  the  removal  cut. 
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Figure  7 .--Seventeen  percent  of  the   trees   in  Frazier 
Mountain    3    (unit   4)    died  because  of  windthrow  or 
dessication. 


CONCLUSIONS 

The  results  of  this   survey  support  an  opinion  made   years    ago   by    Leo 
Isaac        that  shelterwood  harvesting  is  a  viable  alternative  to  clearcut  harvest- 
ing where   severe  site  conditions   exist.      The  evidence  here  also  indicates  that 
satisfactory  stocking  can  be  attained  under  more  mesic  conditions. 

Adequacy  of  natural  Douglas-fir  regeneration  under  Douglas-fir  shelter- 
woods   in  the  Oregon  High  Cascades  depends  mostly  on  adequate  exposure  of 
mineral  soil  and  on  sufficient  and  uniform  overstory  densities.      Where  protec- 
tion of  seedlings  from  severe  environmental  conditions  is   required,    a  shelter- 
wood  stand  of  about  100  to  180  square  feet  of  basal  are  per  acre   (greater  amounts 
of  residual  basal  area  are  required  for  trees  with  larger  average  d.  b.h.  )  is 
tentatively  recommended.      Where  conditions   are  favorable  for  both  overstory 
and  seedlings,    more  open  shelterwood  or  seed-tree  treatments  are  advisable 
for   sufficient  regeneration.      In  any  event,    shelterwood  stands   should  consist  of 
the  most  vigorous  dominant  or  codominant  trees  in  the  original  stands. 
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Leo  A.    Isaac.      Place  of  partial  cutting  in  old-growth  stands  of  the  Douglas-fir 
region.      USDA  For.    Serv.    Pac.    Northwest  For.    &   Range  Exp.    Stn.    Res.    Pap.    16,    48  p.  , 
illus.      Portland,    Oreg.      1956. 
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The  mission  of  the  PACIFIC  NORTHWEST  FOREST 
AND  RANGE  EXPERIMENT  STATION  is  to  provide  the 
knowledge,  technology,  and  alternatives  for  present  and 
future  protection,  management,  and  use  of  forest,  range,  and 
related  environments. 

Within  this  overall  mission,  the  Station  conducts  and 
stimulates  research  to  facilitate  and  to  accelerate  progress 
toward  the  following  goals: 

1.  Providing  safe  and  efficient  technology  for  inventory, 
protection,  and  use  of  resources. 

2.  Development  and  evaluation  of  alternative  methods 
and  levels  of  resource  management. 

3.  Achievement  of  optimum  sustained  resource  produc- 
tivity consistent  with  maintaining  a  high  quality  forest 
environment. 

The  area  of  research  encompasses  Oregon,  Washington, 
Alaska,  and,  in  some  cases,  California,  Hawaii,  the  Western 
States,  and  the  Nation.  Results  of  the  research  will  be  made 
available  promptly.  Project  headquarters  are  at: 

Fairbanks,  Alaska  Portland,  Oregon 

Juneau,  Alaska  Olympia,  Washington 

Bend,  Oregon  Seattle,  Washington 

Corvallis,  Oregon  Wenatchee,  Washington 
La  Grande,  Oregon 


Mailing  address:     Pacific  Northwest  Forest  and  Range 
Experiment  Station 
P.O.  Box  3141 
Portland,  Oregon  97208 


The  FOREST  SERVICE  of  the  U.S.  Department  of  Agriculture 
is  dedicated  to  the  principle  of  multiple  use  management  of  the 
Nation's  forest  resources  for  sustained  yields  of  wood,  water, 
forage,  wildlife,  and  recreation.  Through  forestry  research, 
cooperation  with  the  States  and  private  forest  owners,  and 
management  of  the  National  Forests  and  National  Grasslands,  it 
strives  —  as  directed  by  Congress  —  to  provide  increasingly 
greater  service  to  a  growing  Nation. 
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Pacific  Northwest  Forest  and  Range  Experiment  Station 
U.S.  Department  of  Agriculture  Forest  Service 

Portland,  Oregon 


ABSTRACT 

Veneer  grade  and  cubic  volume  recovery  values  are  reported  for 
10  combined  studies  made  at  Washington,    Oregon,    and  California 
plywood  mills.      Grade  yield  on  over  3,  000  peeler  blocks  and  approxi- 
mately 2  million  square  feet  of  veneer,  3/8-inch  basis,  was  tallied. 
Grades  A  and  B  veneer  accounted  for  30. 4  percent  of  the  recovery  from 
all  blocks;  grade  C,  26.  5  percent;  and  grade  D,  43. 1  percent.    A  total 
of  52.  67  percent  of  the  total,  cubic-block  volume  was  recovered  as  dry, 
untrimmed  veneer.    Average  recovery  ratio  was  2.  71  based  on  net 
block  scale  and  dry,  untrimmed  veneer  recovery. 

KEYWORDS:    Veneers  (recovery),  Douglas-fir,  forest  products. 
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INTRODUCTION 


Douglas-fir  sawtimber  west  of  the 
Cascade  Range  in  Washington  and  Oregon 
and  west  of  the  Sierras  in  northern  Cali- 
fornia constitutes  one  of  the  most  important 
raw  material  resources  in  the  United 
States.-!/    The  volume  of  commercial 
Coast  Douglas-fir  sawtimber  is  estimated 
to  be  in  excess  of  394  billion  board  feet — 
about  10  billion  board  feet  is  harvested 
annually.     This  is  about  55  percent  of  the 
total  softwood  lumber  production  in    the 
United  States.     Nearly  4  billion  board  feet 
of  Coast  Douglas-fir  logs  are  used  for 
plywood — about  63  percent  of  the    United 
States  annual  production  of  softwood 
plywood. 

The  stumpage  value  of  Coast  Douglas- 
fir  lumber  and  veneer  logs  produced  in 
1962  was  estimated  to  be  more  than  $460 
million.     An  estimated  $840  million  in 
value  was  added  to  these  logs  by  logging, 
and  about  $745  million  more  by  primary 
manufacturing. 

There  is  an  urgent  need  for  better 
methods  of  appraising  the  quality  of  this 
important  timber  resource.     Estimates  of 
the  recovery  that  can  be  obtained  from 
Coast  Douglas-fir  sawtimber  are  needed 
by  forest  land  managers,  timber  buyers, 
and  timber  processors  for  efficient 
utilization  of  the  resource  for  lumber, 
veneer,  pulp,  or  other  use. 


—'  Botanically  considered  to  be  the  coast 
variety  of  Douglas-fir,  Pseudotsuga  menziesii 
(Mirb. )  Franco  var.  menziesii. 


The  Pacific  Northwest  Forest  and 
Range  Experiment  Station  in  cooperation 
with  other  public  agencies  and  the  forest 
products  industry  has  made  an  extensive 
study  of  Coast  Douglas-fir.     A  series  of 
recovery  studies  obtained  yields  of  lumber 
and  veneer  from  more  than  1,  000  Douglas- 
fir  trees  selected  from  typical  commercial 
sawtimber  stands  throughout  the  west-side 
Douglas-fir  region. 

This  report  presents  the  veneer 
yield  information  from  these  studies  accord- 
ing to  current  log  grading,  scaling,   and 
processing  practices.     Recovery  informa- 
tion is  reported  for  the  combined  sample 
of  logs  cut  from  the  old-growth  trees.    Here, 
old  growth  refers  to  timber  stands  over 
100  years  old.     This  distinction  between 
old  growth  and  young  growth  reflects  the 
approximate  harvest  rotation  age. 

Forest  managers,  timber  buyers, 
and  forest  products  plant  managers  will 
find  this  report  useful  in  estimating 
veneer  recovery  information. 

Other  reports  will  cover  different 
phases  of  this  study.    The  lumber  recovery 
information  is  presented  in  a  similar 
report  (Lane  et  al.   1973a).    New  cruising 
log  grades  for  Coast  Douglas-fir,  developed 
by  studying  the  surface  quality  character- 
istics and  yields  of  the  sample  trees ,   are 
described  in  a  separate  report  (Lane  et  al. 
1973b).     Veneer  volume  losses  in  plywood 
production  can  be  estimated  from  other 
Pacific  Northwest  Forest  and  Range  Experi- 
ment Station  reports  (Hunt  and  Woodfin 
1970,   Woodfin  1973). 


STUDY  PROCEDURES 


SAMPLING 

The  study  trees  were  selected  from 
about  100  sample  areas  throughout  the 
range  of  Douglas-fir  in  California,  Oregon, 
and  Washington.     Saw  logs  and  veneer 
blocks  were  processed  at  10  mills   as 
shown  in  figure  1.    About  one-third  of  the 
trees  selected  in  each  sample  area  were 
designated  for  veneer  processing.     The 
remainder  were  sawn  to  obtain  lumber 


Figure    1. --Approximate   location   of   the 
timber  sample  areas    (%)    and  study 
veneer  plants    (Q)  . 


recovery  information.     The  "veneer" 
trees  were  randomly  selected  from  pairs 
of  trees  whose  physical  characteristics 
matched  as  nearly  as  possible.     One  of 
these  trees  was  included  in  the  veneer 
study  and  one  in  the  lumber  recovery 
study.     The  tree  pairs  were  selected  to 
represent  the  range  of  tree  size    and 
quality  in  west- side  Douglas-fir  commer- 
cial sawtimber.    The  sample  areas  were 
located  to  provide  the  desired  stratifica- 
tion of  the  main  environmental  factors  of 
forest  type,  stand  density,  elevation,  and 
aspect.     Within  each  area,  individual 
trees  were  selected  on  the  basis  of  tree 
size  and  log  quality. 

The  study  trees  were  felled  and 
bucked  into  long  logs,  following  log  produc- 
tion practices  as  similar  as  possible  to 
those  of  each  cooperating  mill.      Trees 
designated  as  veneer  trees  were  bucked 
into  nominal  8-foot  peeler  blocks.     The 
blocks  from  the  entire  tree  were  usually 
sent  to  the  veneer  mill.     Two  requirements 
for  blocks  sent  to  the  veneer  mill  were 
diameters  large  enough  (about  10  inches) 
and  blocks  sound  enough  to  hold  in  lathe 
chucks.    Each  log  was  tagged  in  the  woods 
to  identify  its  origin  by  sample  area,  tree 
number,   and  position  in  the  tree. 

The  log  samples  processed  at  each 
mill  and  the  combined  sample  represented 
the  timber  size  and  quality  available  over 
the  extensive  range  of  Coast  Douglas-fir 
in  California,  Oregon,  and  Washington. 
They  were  not  intended  to  be  representa- 
tive of  the  typical  log  mix  at  a  mill. 

LOG  DIAGRAMING,   SCALING, 
AND  GRADING 

Visible  log  surface  and  log  end 
characteristics  of  each  peeler  block  and 
saw  log  were  recorded  in  a  data  collection 


procedure  called  log  diagraming — identify- 
ing and  recording  the  size  and  location  of 
all  surface  features  such  as  scars  and 
knots.     Diagrams  provide  the  basis  for  log 
and  tree  grade  development  and  analysis. 
From  these  records,  log  and  tree  grading 
systems  can  be  tested  and  developed. 

Study  logs  were  graded  in  accordance 
with  practices  used  in  the  west-side  Douglas- 
fir  region.     Each  woods-length  log  was 
scaled  and  graded  according  to  Forest 
Service  instructions  for  west- side  log 
scaling  and  grading  (USDA  Forest  Service 
1965).     These  rules  are  a  modified  version 
of  Bureau  rules.—/    A  summary  of  the  log 
grading  specifications  is  in  Appendix  C. 
The  grades  were  also  applied  to  the  peeler 
blocks. 

The  logs  were  rescaled  as  blocks 
after  they  were  bucked  for  peeling.     This 


2/ 

-    Rules  used  by  the  Columbia  River,  Puget 

Sound,  Grays  Harbor,  Southern  Oregon,  and 

Northern  California  Log  Sealing  and  Grading 

Bureaus  depending  upon  location. 


scale  was  based  on  Bureau  of  Land  Manage- 
ment rules  (U.S.   Department  of  the  Interior, 
Bureau  of  Land  Management  1970). 

Scaling  and  grading  practices  are 
referred  to  in  this  report  is  the    "woods- 
length  scale"  and  the  "block  scale."   Scale 
volumes  are  based  on  the  Scribner  Decimal 
C  Rule.     Both  the  scales  and  grades  were 
determined  by  public  agency  check  scalers 
or  scaling  supervisors. 

The  distribution  of  woods-length  logs 
by  number  of  8-foot  peeler  blocks  per  log 
is  shown  in  table  1.     Lengths  varied  from 
one  to  five  peeler  blocks  per  woods-length 
log  with  four-block  logs  being  the  most 
common  length.     Figures  2  and  3  indicate 
the  relative  distribution  of  woods-length 
logs  and  peeler  blocks,  respectively, 
among  the  seven  Bureau  log  grades.    There 
is  a  noticeable  difference  in  the  relative 
amounts  based  on  a  comparison  of  number 
of  logs  or  net  scale  volume.    Appendix  A 
tables  6  to  12  show  the  distribution  of  the 
woods-length  logs  by  scaling  diameter 
and  log  grade.     These  indicate  the  general 
nature  of  the  old- growth  timber  stands 
sampled.     The  comparable  tables  for  peeler 
blocks  are  in  Appendix  B,  tables  27  to  33. 


Table  I  -Distribution  of  woods-length  logs  by  log  grade  and  number  of  veneer  bloeks 
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Log  grade 

blocks 
per  log 
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Figure   2. --Distribution  of  woods-length  logs  by  number  of  logs  and  net  scale 
for  each  log  grade. 
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Figure  3. — Distribution  of  veneer  blocks  by  number  of  blocks  and  net  scale  for 
each  log  grade. 


VENEER  PEELING 
AND  TALLYING 

The  study  logs  were  peeled  under 
normal  production  conditions.      The 
equipment,    manufacturing  methods,  and 
product  output  were  representative  of 
general  industry  practice  in  the  west- 
side  Douglas-fir  region.      Mill  produc- 
tion equipment  generally  included  an 
8-foot  lathe  with  retractable  lathe  chucks, 
core  saw,   clippers,    one  to  three  veneer 
dryers,    and  associated  panel  layup 
equipment. 

Blocks  were  peeled  and  veneer 
was  clipped  to  recover  the  optimum 
value  of  each  log  within  the  cooperating 
mills'  normal  manufacturing  procedures 
for  producing  standard  veneer  items. 
Log  identity  (Lane  1971)  was  maintained 
on  each  piece  of  veneer  throughout  the 
manufacturing  process  to  the  final 
point  of  grading  and  tallying.      The 
veneer  was  graded  by,    or  under  the 
direct  supervision  of,    quality  supervisors 
of  the  American  Plywood  Association  or 
Timber  Engineering  Company.      All  study 
veneer  was  graded  under  Product    Stand- 
ard 1-66  (American  Plywood  Association 
1966).      Veneer  pulled  for  company  use 
but  not  meeting  grade  standards  was 
tallied  as  below- grade  veneer.      This 
volume  is  shown  separately  in  the  grade 
recovery  tables. 

All  square-foot  veneer  volumes 
in  this  report  are  on  the  3/8-inch 
industry  basis. 

The  amount  of  dry  veneer  recovered 
from  a  peeled  block  was  determined 
from  the  number  of  color  coded  full 
and  half  sheets.      The  width  of  each 
piece  of  dry  8-foot  random  strip  and 
4-foot  fishtail  core  veneer  was  measured 
to  the  nearest  inch  for  every  block. 
These  measurements  were  compiled  for 


peeler  blocks   and  converted  to  cubic- 
and  square-foot  volumes  using  an  aver- 
age dry  veneer  width  and  thickness 
determined  for  each  mill.      The  random 
width  strips,    half  and  full  sheet  volumes, 
were  likewise  combined  to  give  the  dry 
veneer  recovery  of  each  block.      The 
computer  program  details   are  described 
in  a  report  by  Woodfin  and  Mei  (1967). 

COMPILATION  OF  DATA 

Woods-length  log  veneer  yields 
on   a  square-foot,    3/8-inch  basis,    were 
compiled  from  the  dry,    untrimmed 
veneer  tally  information  obtained  for 
the  peeled  blocks.      Cubic  volumes  of 
the  blocks,    veneer,    core,    below  grade 
veneer,    and  residue  were  each  calculated. 
Individual  peeler  blocks  were  summed 
to  provide  woods- length  log  cubic 
volume.      The  gross  cubic  volume  was 
computed  by  the  following  formula: 


Gross  cubic  volume  = 


it  lws  +  zy? 


i  +  z?i> 


12 


where 


." 


is  the  constant  pi 
is  the  block  average  diameter, 
small  end 


D    is  the  block  average  diameter, 

large  end 
L    is  the  actual  block  length. 


Residue  volume  was  obtained  by 
subtracting  the  veneer,  core,  and  below 
grade  veneer  volumes  from  the  gross 
block  volume.     The  residue  total  includes 
spur,    roundup  loss,    and  green  clipper 
losses. 

The, veneer  grade  yield  for  the 
woods-length  logs  was  obtained  by  com- 
bining the  veneer  recovery  from  the 
blocks  of  each  log. 


RESULTS 


The  913  woods- length  logs  produced 
2,000,780  square  feet  of  veneer,  3/8- inch 
basis.    A  summary  of  the  log  scale  and 
cubic  volumes  of  these  logs  for  each  log 
grade  is  presented  in  table  2.     Detailed 
volumes  by  log  grade   and  diameter  are 
presented  in  Appendix  A,  tables  6  to  12. 

The  3,  042  veneer  blocks  produced 
1,993,254  square  feet,  3/8-inch  basis, 
of  veneer.    A  summary  of  log  scale  and 
cubic  volumes  is  presented  in  table  3. 
Detailed  volumes  by  log  grade  and  diameter 
are  presented  in  Appendix  B,   tables  27 
to  33. 


is  due  to  any  cull  (less  than  one- third 
sound)  veneer  blocks  in  a  woods-length 
log  that  were  peeled,  produced  some 
veneer,   and  therefore,  were  included 
with  the  adjacent  blocks  from  the  original 
long  log.     However,  these  cull  blocks 
along  with  the  small  amount  of  veneer 
they  produced  are  not  reported  in  the 
individual  block  data  with  the  blocks  that 
were  over  one-third  sound. 

SCALING  DEFECTS 

All  logs  in  this  report  are  at  least 
one-third  sound  as  determined  by  the 
scaler.     Figure  4  presents  the  relation- 


Board  feet  -   -  Square  feet 


-  -  -  Cubic  feet  - 


Percent     ------  Cubic  feet 


No.  1  Peeler 
No.  2  Peeler 
No.  3  Peeler 
Special  Peeler 
No.  2  Sawmill 
No.  3  Sawmill 

All  grades 


28 

27 

125 

66 

482 
185 


48,100 

56,330 
175,480 

40,010 
382,800 

84,040 


41,500 

49,220 
153,560 

37,820 
335,600 

65,530 


123,861 
152,185 
470,592 
122,964 
970,389 
160,789 


2.98 
3.09 
3.06 
3.25 
2.89 
2.45 


6,601.83 

7,991.20 

24,795.23 

6,386.97 

57,482.11 

14,390.13 


3,800.22 
4,635.41 

14,550.10 
3,775.61 

30,051.12 


57.56 
58.01 
58.68 
59.11 
52.28 


4,977.59   34.59 


66.91 

135.08 

449.19 

57.77 

3,920.65 

1,983.86 


445.13 
539.28 

1,908.87 
700.00 

5,743.44 
1,847.70 


2,289.57 
2,681.43 
7,887.07 
1,853.59 
17,766.90 
5,580.98 


913 


786,760    683,230    2,000,780 


2.93 


117,647.47   61,790.05   52.52    6,613.46   11,184.42   38,059.54 


The  difference  in  veneer  volume 
between  the  woods-length  logs  and  blocks 

Table  2-Total  log  scale,  veneer  tally,  and 

ship  of  defect  percentage  to  log  and  block 
diameter  for    all  grades    combined. 

cubic  volumes  of  woods-length  logs  by  log  grade 

Number 

of 

logs 

Scale  volume 

Veneer   tally 

Volume 

Log   grade 

Gross               Net 

Volume, 

3/3-inch 

basis 

Recovery 
ratio 

Block 

Veneer 

Veneer 
recovery 

Below 
grade 
veneer 

Core 

Residue 

Table  3-Total  log  scale,  veneer  tally,  and  cubic  volumes  of  veneer  blocks  by  block  grade 


Block  grade 


Number 

of 
blocks 


Scale  volume 


Veneer  tally 


Volume , 

3/8-inch 

basis 


Recovery 
ratio 


Volume 


Block 


Veneer 


Veneer 
recovery 


Below 
grade 
veneer 


-  -  Board 

feet  -  - 

Square  feet 

-  -  -  Cubic 

feet  -   -   - 

Percent 

-  Cubic  feet 

No. 

1  Peeler 

49 

29,480 

23,820 

71,826 

3.02 

4,076.94 

2,228.01 

54.65 

40.57 

328.14 

1,480.22 

No. 

2  Peeler 

64 

35,290 

30,100 

91,023 

3.02 

4,897.67 

2,815.62 

57.49 

18.22 

341.18 

1,722.65 

No. 

1   Peeler 

416 

175,700 

151,410 

457,707 

3.02 

24,528.23 

14,092.90 

57.46 

277.67 

1,916.13 

8,241.53 

Special   Peeler 

180 

26,960 

26,150 

76,150 

2.91 

4,061.02 

2,335.48 

57.51 

28.59 

527.17 

1,169.78 

No. 

2    Sawmill 

1,563 

385,240 

349,020 

977,276 

2.80 

54,144.32 

30,121.78 

55.63 

2 

641.55 

5,299.09 

16,081.90 

No  . 

3   Sawmill 
All    grades 

770 

175,970 

153,720 

319,272 

2.08 

25,138.16 

9,944.57 

39.56 

3 

520.69 

2,687.50 

8,985.40 

3,042 

828,640 

734,220 

1,993,254 

2.71 

116,846.34 

61,538.36 

52.67 

6 

527.29 

11,099.21 

37,681.48 
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Figure    4. — Relationship  of  percent   defect   to   diameter   for  woods-length 
logs   and  veneer  blocks . 


Average  scaling  defect  percentage  was 
13.2  and  11.4,  respectively,  for  woods- 
length  logs  and  peeler  blocks.     Defect 
percentage  was  highest  for  No.  3  Sawmill 
grade  of  the  woods- length  logs  and  for 
No.   1  Peeler  grade  of  the  individual 
blocks. 

VENEER  RECOVERY  RATIO 

The  range  in  veneer  recovery  vol- 
umes and  ratios^./  can  be  compared  by  log 


—  '  The  reader  should  note  that  veneer 
recovery  ratio  is  based  on  the  net  Scribner  board- 
foot  scale  of  the  log  or  block  and  the  volume    in 
square  feet,  3/8-inch  basis,  of  dry,  untrimmed 
veneer  produced  from  the  log  or  block.    The  ply- 
wood industry  normally  expresses  recovery  ratio 
based  on  the  trimmed  pane  I  basis.    A  further 
reduction  of  16  percent  of  untrimmed  (Hunt  and 
Woodfin  1970)  will  approximate  the  trimmed  basis. 


grade  and  diameter  class  using  Appendix 
A,  tables  13  to  19,  and  Appendix  B, 
tables  34  to  40.    Also,  figure  5  shows 
the  relationship  of  the  recovery  ratios  to 
scaling  diameter  for  all  log  grades  com- 
bined.    The  prediction  equations  developed 
by  regression  analysis  are  shown  with 
the  curves. 

CUBIC  RECOVERY  PERCENTAGE 

The  relationship  of  the  cubic  re- 
covery ratio  to  block  and  log  scaling 
diameter  for  all  data  combined  is  shown 
in  figure  6.     Figure  7  shows  the  number 
of  square  feet  of  veneer  (3/8-inch  basis) 
that  are  produced  per  cubic  foot  of  log  or 
block  volume.     There  is  no  significant 
difference  between  the  curves  for  block 
and  woods-length  logs.    A  mill  having  a 
cubic  estimate  of  log  input  would  use 
figure  6  to  estimate  recovery  volume. 
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Figure    5. — Relationship  of  dry,    untrimmed  veneer  recovery  ratio   to 
woods-length  log  and  veneer  block  diameter. 
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Block  volume 


For   logs:   cu.ft./cu.ft.    =    0.1427    +    0.0243   diameter   -    0.0004   diameter 


J_ 


-L 


10 


20  30  40 

DIAMETER    (INCHES) 


50 


60 


Figure  6. — The  relationship  of  cubic  veneer  volume   to  cubic  block  and  log 
volumes . 
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Figure    7. — The   relationship  of  square-foot   volume    (3/8-inch  basis)    to   cubic 
block  and  log  volumes. 


The  following  example  illustrates 
use  of  the  data  to  estimate  total  production 
of  dry,  untrimmed  veneer  on  a  3/8-inch 
basis: 

Assume  the  daily  veneer  block  input 
to  a  mill  is  sorted  into  two  diameter  classes 
without  regard  to  grade.    Any  number  of 
sortings  by  size  and  grade  could  be  used 
and  the  method  of  calculation  would  not 
change.     Further,   it  is  known  that  size 
class  1  of  300  blocks  has  an  average    di- 
ameter of  15  inches.    Next,  determine 
from  Appendix  B,  table  33,  that  the  aver- 
age cubic  volume  per  15- inch  block  is 
17.  2  cubic  feet  (2,  274.  4G  cubic  feet    -:■ 
132  blocks).     From  figure  7,  note  that 
the  15- inch  blocks  yielded  14.  1  square 


feet  of  veneer,  3/8-inch  basis,  per  cubic 
foot  of  block  volume. 

Three  hundred  blocks  times  17.2 
cubic  feet  per  block  =  5, 160  cubic  feet; 
this  volume  times  the  14.  1  square  feet 
per  cubic  foot  =  an  estimated  yield  of 
72,  756  square  feet  of  dry,  untrimmed 
veneer,  3/8-inch  basis,  from  the  blocks. 

Size  class  2  of  75  blocks  has  an  aver- 
age diameter  of  45  inches.     From  Appendix 
B,  table  33,  the  average  cubic  volume  per 
45- inch  block  was  calculated  to  be  101.  2 
cubic  feet  (1,518.55  cubic  feet   i    15 
blocks).     The  45-inch  blocks  in  figure  7 
yielded  16.  1  square  feet  of  veneer,  3/8- 
inch  basis,  per  cubic  foot  of  volume. 


Seventy-five  blocks  times  101.2 
cubic  feet  per  block  =  7,  590  cubic  feet; 
this  volume  times  the  16. 1  square  feet 
per  cubic  feet  =  an  estimated  yield  of 
122, 199  square  feet  of  dry,  untrimmed 
veneer,  3/8-inch  basis,  from  the  blocks. 

Therefore,    the  mill's  estimated 
veneer  production  from  the  375  blocks  is 
122,  199  +  72,756  =  194,955  cubic  feet, 
3/8-inch  basis,  of  dry,  untrimmed  veneer 
(see  footnote  3). 

VENEER  GRADE  RECOVERY 

The  most  useful  information  from  a 
veneer  recovery  study  usually  is  the  vol- 
ume of  each  veneer  grade  produced  from 
logs  of  various  diameter  classes. 


Tables  4  and  5  contain  the  average 
veneer  recovery  percentages  by  each  log 
grade  for  logs  and  blocks.     No.  1  Peeler 
woods- length  logs  produced  24.  0  percent 
A  and  A  patch  veneer  and  13.  6  percent 
D  veneer  (Appendix  A,  table  13).    At  the 
low  end  of  the  log  grades,  logs  averaged 
4.  8  percent  A  and  A  patch  but  75.  9  per- 
cent D  veneer  (No.   3  Sawmill,  Appendix 
A,  table  18). 

Comparable  values  for  No.   1  Peeler 
veneer  blocks  (Appendix  B,  table  34)  are 
18.  5  percent  A  and  A  patch  and  13.  8  per- 
cent D  veneer.    No.   3  Sawmill  blocks 
(Appendix  B,  table  39)  recovered  6.  1 
percent  A  and  A  patch  and  73.  0  percent 
D  veneer.    A  more  detailed  description 
of  veneer  grade  recovery  by  log  grade 


Table  4. -Average  veneer  recovery  from  woods-length  logs  by  log  grade 


I, rig    gIM'k' 


Number 

of 

logs 


Veneer  volume, 
3/8-inch  basis 


Recovery  by  veneer  grade 


A  patch 


B  patch 


Sq 

uare  feet 

-  -  -  Per 

aent   -  -  - 

No.  1  Peeler 

28 

123,861 

5.3 

18.7 

8.4 

18.6 

35.4 

13.6 

No.  2  Peeler 

27 

152,185 

7.3 

18.9 

8.8 

13.9 

31.5 

19.6 

No.  3  Peeler 

125 

470,592 

5.1 

16.4 

5.9 

15.8 

29.1 

27.7 

Special  Peeler 

66 

122,965 

1.3 

9.9 

3.3 

13.2 

49.6 

22.7 

No.  2  Sawmill 

482 

970,389 

2.6 

6.3 

3.1 

10.2 

22.4 

55.4 

No.  3  Sawmill 

1.8  5 

160,789 

2.2 

?  .  h 

1  .9 

3.8 

13.6 

75.9 

All  grades 

913 

2,000,780 

3.6 

10.3 

4.4 

12.0 

26.5 

43.2 

Table  5. -Average  veneer  recovery  from  veneer  blocks  by  block  grade 


Block  grade 


Number 

of 
blocks 


Veneer  volume, 
3/8-inch  basis 


Recovery  by  veneer  grade 


A  patch 


B  patch 


Square  feet 

-  -  -  Pevoer 

t 

No.  1  Peeler 

49 

71,826 

4.5 

14.0 

8.6 

20.9 

38.2 

13.8 

No.  2  Peeler 

64 

91,023 

7.1 

18.1 

8.5 

15.3 

35.1 

14.9 

No.  3  Peeler 

416 

457,707 

6.8 

16.1 

7.  1 

15.2 

34.1 

20.7 

Special  Peeler 

180 

76,150 

1.5 

10.4 

3.7 

14.7 

52.7 

17.0 

No.  2  Sawmill 

1,563 

977,276 

2.4 

8.7 

3.2 

11.3 

23.6 

50.8 

No.  3  Sawmill 

770 

319,272 

1  .9 

4.2 

2.1 

5.8 

13.0 

73.0 

All  grades 

3,042 

1 

,993,254 

3.6 

10.4 

4.4 

12.0 

26.5 

43.1 
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and  diameter  classes  is  shown  in  Appendix 
A,  tables  13  to  19,  for  woods- length  logs, 
and  in  Appendix  B,  tables  34  to  40,  for 
veneer  blocks. 

Figures  8  and  9  show  the  veneer  grade 
recovery  percentages  over  diameter  as 
curved  by  regression  analysis  for  woods- 
length  logs  and  individual  blocks.      A 
separate  graph  is  presented  for  each  log 
grade.     The  set  of  curves  on  a  graph  will 
total  100  percent  for  each  log  diameter. 
For  example,  the  25-inch,   No.  3  Peeler 
grade  logs  had  the  following  curved  veneer 
recovery  percentages  as  developed  from 
figure  8.    A  =  2.  5,  A  patch  =  12.  8,  B  =  3.  8, 
B  patch  =  15.  5,   C  =  44.  9,   and  D  =  20.  5 . 
Note  the  uncurved  actual  values  for  the 
seven  25- inch  logs  in  Appendix  A,  table  15. 

The  U.  S.   Forest  Service  log  grade 
descriptions  for  Douglas-fir  (USDA  Forest 
Service  1965)  state  that  No.    1  Peelers  must 
produce  clear  veneer.      The  official  log 
grading  and  scaling  rules  for  the  Columbia 
River  Log  Scaling  and  Grading  Bureau  state 
that  "No.   1  Peeler  logs  shall  produce  clear, 
uniform-colored  veneer  in  an  amount  not 
less  than  50  percent  of  the  net  scaled  log 
volume.  "    What  constitutes  clear  veneer 
and  what  point  of  measurement  to  use  are 
not  specified  in  either  case. 

The  No.   1  Peeler  woods-length  logs 
and  blocks,   respectively,  produced  24.  0 
percent  and  28.5  percent  combined  A  and 
A  patch  veneer.     Both  percentages  are 
less  than  specified  generally  by  the  log 
grades.     There  is  room  for  interpretation 
as  to  what  constitutes  clear  veneer.     It 
is  difficult  for  the  log  grader  to  accurately 
predict  product  recovery  on  such  a  basis 
and  use  it  as  a  log  grade  specification. 
Therefore,  there  is  a  need  for  the  new 
Coast  Douglas-fir  timber  cruising  grades 
(Lane  et  al.   1973b)  that  recognize  surface 
characteristics  rather  than  estimates  of 
product  types. 


VENEER  ITEM 
RECOVERY 

The  distribution  of  the  veneer 
volume  by  grade   and  item  is  shown 
in  Appendix  A,    tables  20  to  26,    and 
Appendix  B,    tables  41  to  47,    for  logs 
and  blocks,    respectively.      Thickness 
is  shown  for  each  item — full   sheets, 
half  sheets,    and  random  width  veneer. 
Approximately  87.  5  percent  of  the 
volume  from  woods- length  logs  was 
peeled  as   1/10-inch,    10.9  percent  as 
l/8-inch,  and  1.6  percent  as   1/5-inch 
veneer. 

A  separate  column  is  included 
in  these  tables  for  below  grade  veneer. 
This  represents  veneer  clipped  and 
dried  for  use  in  mill-certified  plywood 
panels.      Grade  D  specifications   admit 
some  rot  in  the  veneer  sheet.      This 
is  usually  Fomes  pini ,    commonly 
called  white  speck  rot.      Much  of  the 
mill-certified  or  below  grade  veneer 
was  produced  as  a  result  of  veneer 
with  white  speck  rot  that  did  not  meet 
the  grade  D  specification. 

The  green  veneer  full  sheets 
were  peeled  and  clipped  to  approximately 
52^     by   101  inches.      The  resulting 
dry  veneer  sheet  averaged  slightly 
over  51  inches  wide  and  101  inches 
long.      The  veneer  production    from 
woods-length  logs  was  divided  between 
the  three  veneer  items:      Full  sheets 
accounted  for  39.  3  percent  of  the 
veneer  volume;  half  sheets,    29.8  per- 
cent; and  random  width  strips,    30.9 
percent. 
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CONCLUSIONS 


Veneer  grade  recovery  percentage 
can  be  estimated  by  log  and  block  diameter 
classes.     A  mill  manager  can  use  this 
information  to  predict  veneer  grade  out- 
put from  a  log  batch. 

Veneer  volume  on  a  square-foot, 
3/8-inch  basis  ,  can  be  estimated  by  log 
grade  and  diameter  class. 

Veneer  grade  recovery  percentages 


should  vary  with  log  grade.     However,  be- 
tween the  present  No.    1,  2,   and  3  Peeler 
grade  woods-length  logs  in  this  sample, 
there  was  little  difference  in  the  percentage 
yield  of  B  patch  and  better  grade  veneer. 

Veneer  recovery  ratios  averaged 
higher  for  woods-length  logs  than  for 
individual  blocks.     This  is   attributed 
partly  to  less  defect  deductions  made 
on  the  bucked  blocks  than  on  long  logs. 
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APPENDIX  A 
Woods-Length  Logs 
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6  Log  scale,  veneer  tally,   and  cubic  volumes  by  scaling  diameter, 
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No.  2  Peeler  grade  logs 1G 
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No.   3  Peeler  grade  logs 17 

9  Log  scale,   veneer  tally,   and  cubic  volumes  by  scaling  diameter, 

Special  Peeler  grade  logs 17 

10  Log  scale,   veneer  tally,  and  cubic  volumes  by  scaling  diameter, 

No.  2  Sawmill  grade  logs 18 

11  Log  scale,   veneer  tally,   and  cubic  volumes  by  scaling  diameter, 

No.  3  Sawmill  grade  logs 19 

12  Log  scale,  veneer  tally,   and  cubic  volumes  by  scaling  diameter, 

all  logs 20 

13  Veneer  recovery  by  log  scaling  diameter,  No.    1  Peeler  grade, 

woods-length  logs 21 

14  Veneer  recovery  by  log  scaling  diameter,  No.  2  Peeler  grade, 

woods-length  logs 21 

15  Veneer  recovery  by  log  scaling  diameter,  No.  3  Peeler  grade, 

woods-length  logs 22 

16  Veneer  recovery  by  log  scaling  diameter,  Special  Peeler  grade, 

woods-length  logs 22 

17  Veneer  recovery  by  log  scaling  diameter,  No.  2  Sawmill  grade, 

woods-length  logs 23 

18  Veneer  recovery  by  log  scaling  diameter,  No.  3  Sawmill  grade, 

woods- length  logs 24 

19  Veneer  recovery  by  log  scaling  diameter,   all  woods-length  logs 

combined 25 

20  Distribution  of  veneer  grade  and  item  by  thickness,   No.   1  Peeler 

grade  logs 26 

21  Distribution  of  veneer  grade  and  item  by  thickness,   No.  2  Peeler 

grade  logs 26 

22  Distribution  of  veneer  grade  and  item  by  thickness,  No.   3  Peeler 

grade  logs 27 

23  Distribution  of  veneer  grade  and  item  by  thickness,   Special 

Peeler  grade  logs 27 

24  Distribution  of  veneer  grade  and  item  by  thickness,  No.  2  Sawmill 

grade  logs 28 

25  Distribution  of  veneer  grade  and  item  by  thickness,  No.  3  Sawmill 

grade  logs 28 

26  Distribution  of  veneer  grade  and  item  by  thickness,   all  logs 

combined      28 
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Table  6-Log  scale,  veneer  tally,  and  cubic  volumes  by  scaling  diameter.  No.  I  Peeler  grade  logs 


Log 

Number 
of 
logs 

Scale 

volume 

Veneer 

tally 

Volume 

scaling 

diameter 

(inches) 

Gross 

Net 

Volume  > 
3/8-inch 
basis 

Recovery 

ratio 

Block 

Veneer 

Veneer 
recovery 

Below 

grade 

veneer 

Core 

Residue 

-  -  Board  feet  -  - 

Square  feet 

-  -  -  Cubic 

feet 

Percent 

-  -  -  -  -  Cubic  feet  ■ 

I] 

2 

2,260 

1,760 

4,338 

2.46 

315.37 

136.26 

43.21 

1.02 

30.61 

147.48 

32 

n 

— 

— 

— 

-- 

— 

— 

-•- 

— 

— 

— 

33 

0 

— 

-- 

-- 

-- 

-- 

— 

-- 

-- 

— 

— 

34 

2 

2,600 

2,330 

6,100 

2.62 

354.66 

184.96 

52.15 

.15 

19.10 

150.45 

1" 

4 

7,440 

6,430 

17,785 

2.77 

1,125.16 

554.96 

49.32 

4.11 

87.15 

478.94 

36 

2 

1,960 

1,650 

5,919 

3.59 

273.75 

179.55 

65.59 

0 

16.09 

78.1] 

3 

2 

3,270 

2,810 

11,054 

3.93 

505.18 

333.20 

65.96 

7.97 

16.13 

147.88 

3. 

1 

1,070 

920 

3,618 

3.93 

142.86 

109.74 

76.82 

0 

7.94 

25.18 

39 

i 

3,500 

3,290 

9,940 

3.02 

482.43 

301.36 

62.47 

0 

46.82 

134.25 

40 
41 
42 

2 
2 

2,550 

1,910 

6,540 

3.42 

382.74 

198.20 

51.78 

0 

51.11 

133.43 

2,860 

2,630 

8,090 

3.08 

357.57 

245.18 

68.57 

0 

30.87 

81.52 

4  i 

2 

5,920 

5,220 

13,383 

2.56 

727.01 

405.51 

55.78 

2.43 

37.69 

281.38 

44 

2 

4,710 

4,050 

11,348 

2.80 

600.66 

343.85 

57.24 

2.42 

45.66 

208.73 

1 

2,470 

1,660 

5,434 

3.27 

320.79 

178.40. 

68.73 

35.15 

18.74 

88.50 

4<> 
47 

1 

0 

2,580 

2,280 

8,324 

3.65 

370.81 

254.84 

68.72 

.86 

6.16 

108.95 

48 
49 

0 

1 

2,920 

2,690 

6,557 

2.44 

367.48 

21"  .11 

58.54 

4.80 

17.21 

130.36 

50 

1 

1,990 

1,870 

5,431 

2.90 

275.36 

159.10 

57.78 

K.on 

13.85 

94.41 

average 

28 

48,100 

41,500 

123,861 

2.98 

6,601.83 

3,800.22 

57.56 

66.91 

445.13 

2,289.57 

Table  / '.-Log  scale,  veneer  tally,  and  cubic  volumes  by  scaling  diameter.  No.  2  Peeler  grade  logs 


Log 

Number 
of 
logs 

Scale  volume 

Veneer  tally 

Volume 

scaling 

diameter 
(inches) 

Gross 

Net 

Volume y 
3/8-inch 
basis 

Recovery 
ratio 

Block 

Veneer 

Veneer 
recovery 

Below 

grade 

veneer 

Core 

Residue 

32 
33 
34 
r, 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
Total  or 
average 


-  Boar 

d  feet  -  - 

Square  feet 

1,560 

1,400 

3,990 

2.85 

3,340 

3,130 

12,028 

3.84 

3,400 

3,340 

11,291 

3.38 

5,140 

4,570 

15,229 

3.33 

6,800 

6,220 

21,273 

3.42 

3,850 

3,230 

8,925 

2.76 

2,260 

1,420 

5,737 

4.04 

3,640 

3,500 

11,045 

3.16 

1,960 

1,540 

3,884 

2.52 

7,900 

6,590 

15,450 

2.34 

5,230 

4,440 

14,789 

3.33 

-  -  -  Cubic  feet  - 


8,330  7,360 

2,920  2,480 


20,796 
7,748 


2.83 
3.12 


213.28 
538.31 
527.28 
792.92 
1,041.49 
544.83 
324.22 
517.57 
237.25 

1,018.01 
713.06 


1,090.68 
432.30 


120.90 
351.68 
355.67 
454.48 
641.72 
272.36 
186.35 
327.67 
117.72 

483.61 
456.17 


612.78 
254.30 


Percent 

Cubic  feet  - 

56.69 

0.11 

14.62 

77.65 

65.33 

19.05 

30.34 

137.24 

67.45 

7.10 

24.50 

140.01 

57.32 

17.76 

46.40 

274.28 

61.62 

12.97 

76.41 

310.39 

49.99 

3.43 

17.26 

251.78 

57.48 

16.09 

27.21 

94.57 

63.31 

10.67 

25.62 

153.61 

49.62 

.47 

13.32 

105.74 

47.50 

1.88 

131.46 

401.06 

63.97 

4.45 

23.62 

228.82 

56.18 
58.82 


35.31 

5.79 


88.64 
19.88 


353.95 
152.33 


Hi 


Table  S.-Log  scale,  veneer  tally,  and  cubic  volumes  by  sealing  diameter,  No.  3  Peeler  grade  logs 


Log 

Number 
of 
logs 

Scale 

volume 

Veneer    tally 

Volume 

scaling 

diameter 

(inches) 

Gross 

Net 

Volume. 
3/8-inch 
basis 

Recovery 
ratio 

Block 

Veneer 

Veneer 
recovery 

Below 

grade 

veneer 

Core 

Uesidue 

-  -  Board  feet  -  - 

Square  feet 

-   -   -  Cubic 

feet 

Percent 

_____ 

24 

11 

9,260 

8,080 

28,047 

1.47 

1,464.87 

861.22 

58.79 

20.11 

176.71 

406.83 

25 

7 

5,910 

5,410 

16,595 

1.07 

868.99 

513.31 

59.07 

7.60 

85.97 

262.11 

26 

.1 

8,510 

7,990 

25,338 

3.17 

1,249.54 

802.30 

64.21 

6.08 

90.59 

350.57 

27 

■) 

9,110 

8,520 

26,126 

3.07 

1,284.95 

802.20 

62.43 

9.74 

116.67 

356.34 

2fi 

12 

12,470 

11,280 

32,703 

2.90 

1,793.15 

993.46 

55.40 

30.55 

153.05 

616.09 

29 

5 

5,550 

5,230 

16,376 

3.13 

803.59 

498.50 

62.03 

17.82 

74.39 

212.88 

ill 

8 

9,470 

8,770 

27,268 

3.11 

1,346.99 

850.50 

63.14 

7.94 

98.9  i 

389.62 

31 

'i 

11,350 

9,950 

27,952 

2.81 

1,552.57 

872.39 

56.19 

37.20 

143.91 

499.07 

32 

7 

10,970 

9,680 

29,096 

3.01 

1,587.90 

907.66 

57.16 

25.07 

110.78 

544.39 

33 

8 

11,720 

10,550 

34,124 

3.23 

1,682.35 

1,052-48 

62.56 

23.35 

96.79 

509.73 

14 

4 

6,000 

4,660 

14,654 

3.14 

808.49 

438.26 

54.21 

11.32 

89.71 

269.20 

S5 

6 

9,300 

8,440 

29,994 

3.55 

1,353.53 

915.25 

67.62 

44.99 

65.08 

328.21 

36 

4 

7,380 

5,920 

20,418 

3.45 

1,096.23 

628.55 

57.34 

20.99 

57.11 

389 .  58 

37 

l 

5,010 

4,340 

14,019 

3.23 

680.72 

440.55 

64.72 

14.89 

32.93 

192.35 

)S 

5 

10,780 

9,760 

31,239 

3.20 

1,542.27 

976.18 

63.29 

71.35 

58.73 

436.01 

39 

3 

5,250 

4,390 

13,898 

3.17 

736.10 

438.92 

59.63 

13.21 

39.45 

244.52 

in 

4  1 

42 

1 

II 
1 

2,560 

1,960 

4,959 

2.53 

348.26 

151.80 

43.59 

7.15 

41.09 

148.22 

2,860 

2,370 

5,848 

2.47 

370.43 

177.11 

47.81 

8.54 

40.59 

144.19 

43 
44 
45 

2 

n 
2 

5,230 

4,700 

12,773 

2.72 

643.44 

389.91 

60.60 

0 

23.83 

229.70 

4  ,11811 

3,750 

9,974 

2.66 

556.73 

315.69 

56.70 

35.98 

33.31 

171.75 

,., 

3 

7,740 

5,970 

17,337 

2.90 

1,021.85 

529.77 

51.84 

14.18 

81.11 

396.79 

47 

J 

4,450 

3,600 

10,690 

2.97 

578.43 

342.18 

59.16 

9.81 

29.23 

197.21 

hM 

2 

6,490 

''.'     ' 

11,999 

2.14 

868.81 

363.78 

41.87 

6.85 

115.89 

382.29 

49 
50 

M 

52 

53 

Total   or 

average 

2 

ii 
0 

il 
1 

1,800 

750 

4,731 

6.  H 

290.56 

153.79 

52.93 

4.33 

29.36 

103.08 

2,230 

1,870 

4,434 

2.37 

264.48 

134.34 

50.79 

.14 

23.66 

106.34 

125 

175,480 

153,560 

470,592 

3.06 

24,795.23 

14,550.10 

58.68 

449.19 

1,908.87 

7,887.07 

Table  9-Log  scale,  veneer  tally,  and  cubic  volumes  by  scaling  diameter,  Special  Peeler  grade  logs 


Log 

Number 
of 
logs 

Seals 

volume 

Veneer   tally 

Volume 

scaling 
diameter 
(inches) 

Gross 

Net 

Volume , 
3/8-inch 
basis 

Recovery 
ratio 

Block 

Veneer 

Veneer 

recovery 

Below 

grade 

veneer 

Core 

Residue 

_  -  Board  J 

est    -  - 

Square  feet 

_   _  _   Cubic 

feet 

Percent 

-   -   -   -   - 

Zubic  feet  - 

18 

9 

4,070 

3,870 

13,272 

3.43 

708.15 

407.35 

57.52 

5.92 

87.85 

207.03 

19 

11 

4,850 

4,610 

13,846 

3.00 

781.33 

418.50 

53.56 

10.49 

105.42 

246.92 

20 

11 

6,500 

6,030 

20,560 

3.41 

1,043.73 

627.83 

60.15 

11.33 

135.58 

268.99 

21 

9 

5,690 

5,470 

18,180 

3.32 

899.60 

555.51 

61.75 

5.02 

90.42 

248.65 

22 

10 

6,400 

6,030 

19,404 

1 .  2  2 

1,046.77 

593.70 

56.72 

9.81 

106.43 

336.83 

23 

lb 

12,500 

11,810 

37,702 

3.19 

1,907.39 

1,172.72 

61.48 

15.20 

174.30 

545.17 

Total   or 
average 

66 

40,010 

37,820 

122,964 

3.25 

6,386.97 

3,775.61 

59.11 

57.77 

700.00 

1,853.59 

IT 


Table  10  -Log  scale,  veneer  talh ,  and  cubic  volumes  by  scaling  diameter.  No.  2    Sawmill  grade  logs 


Log 

Numbe c 

of 
logs 

Scale  volume 

Veneer  tally 

Volume 

scaling 

diameter 

(inches) 

Gross 

Net 

Volume  > 

3/8-inch 

basis 

Recovery 
ratio 

Block 

Veneer 

Veneer 
recovery 

Below 
grade 

veneer 

Core 

Residue 

-  -  Board 

feet  -  - 

Square  feet 

-  -  -  Cubic 

feet 

Percent 

-----  Cubic  feet  • 

12 

17 

2,240 

2,220 

6,187 

2.79 

465.97 

192.41 

41.29 

156.99 

108.32 

1  i 

24 

3,930 

3,740 

10,318 

2.76 

773.31 

317.92 

41.11 

27.96 

222.08 

205.35 

14 

21 

4,300 

4,090 

13,576 

3.32 

862.39 

414.84 

48.10 

24.07 

196.22 

227.26 

15 

43 

10,700 

10,230 

32,648 

3.19 

2,039.59 

1,010.59 

49.55 

59.05 

424.40 

545.55 

Hi 

7,780 

7,380 

22,915 

3.11 

1,479.68 

703.04 

47.51 

86.59 

253.64 

436.41 

17 

42 

13,740 

12,760 

42,132 

3.30 

2,526.81 

1,301.77 

51.52 

83.35 

416.82 

724.87 

1  8 

14 

5,330 

5,230 

16,283 

3.11 

894.99 

508.00 

56.76 

20.25 

128.37 

238.37 

l'i 

14 

6,250 

5,560 

19,506 

3.51 

1,044.49 

599.66 

57.41 

29.16 

136.77 

278.90 

20 

25 

12,830 

11,730 

36,064 

3.07 

2,052.92 

1,115.36 

54.33 

65.94 

270.96 

600.66 

21 

20 

12,050 

11,430 

34,881 

3.05 

1,960.51 

1,080.65 

55.12 

90.83 

231.60 

557.43 

22 

19 

11,290 

10,350 

30,191 

2.92 

1,811.04 

9  34.08 

51.58 

104.03 

212.30 

560.63 

23 

16 

11,950 

11,130 

30,265 

2.72 

1,798.88 

938.05 

52.15 

151.82 

187.41 

521.60 

24 

15 

12,670 

11,470 

35,310 

3.08 

2,004.39 

1,080.57 

53.91 

108.49 

168.35 

646.98 

25 

24 

20,450 

18,010 

50,372 

2.80 

2,989.93 

1,558.19 

52.11 

217.07 

303.44 

911.23 

■> 

15 

14,820 

14,160 

40,128 

2.83 

2,168.00 

1,254.48 

57.86 

185.06 

166.99 

561.47 

27 

L9 

21,130 

18,280 

52,160 

2.85 

2,994.19 

1,614.06 

53.91 

191.43 

222.43 

966.27 

2K 

15 

17,820 

16,000 

46,024 

2.88 

2,575.70 

1,414.74 

54.93 

210.72 

206.64 

743.60 

29 

12 

14,450 

12,430 

33,825 

2.72 

2,096.31 

1,066.66 

50.88 

167.47 

165.79 

696.39 

30 

10 

13,350 

11,790 

35,088 

2.98 

1,939.02 

1,094.25 

56.43 

40.71 

182.15 

621.91 

.11 

15 

19,260 

16,920 

46,604 

2.75 

2,645.92 

1,421.08 

53.71 

185.88 

170.82 

868.14 

32 

1  i 

15,200 

13,540 

36,475 

2.69 

2,163.61 

1,098.90 

50.79 

286.59 

150.55 

627.57 

33 

6 

8,820 

7,610 

23,626 

3.10 

1,279.28 

725.99 

56.75 

100.55 

83.83 

368.91 

34 

13 

19,600 

16,080 

47,057 

2.93 

2,948.75 

1,482.40 

50.27 

193.77 

219.62 

1,052.96 

S5 

6 

9,790 

8,840 

22,799 

2.58 

1,365.23 

705.31 

51.66 

183.52 

73.72 

402.68 

36 

4 

7,720 

h,H:-:n 

16,389 

2.38 

1,110.41 

516.94 

46.55 

120.70 

79.26 

393.51 

"7 

8 

39 

5 
7 

8,790 

6,440 

19,652 

3.05 

1,259.71 

620.66 

49.2  7 

119.80 

109.28 

409.97 

15,540 

13,010 

40,510 

3.11 

2,188.59 

1,244.66 

56.87 

219.22 

89.10 

635.61 

40 

4 

10,240 

9,520 

22,748 

2.39 

1,324.84 

699.02 

52.76 

127.53 

81.90 

416.39 

41 

3 

6,760 

5,870 

14,101 

2.40 

872.88 

447.63 

51.28 

10.87 

94.38 

320.00 

42 

5 

10,740 

9,150 

17,651 

1.93 

1,348.41 

554.76 

41.14 

193.39 

83.71 

516.55 

43 

1 

2,270 

1,170 

5,640 

4.82 

287.96 

183.36 

63.68 

9.20 

25.54 

69.86 

44 

] 

7,850 

6,770 

17,210 

2.54 

1,118.59 

530.31 

47.41 

160.16 

79.88 

348.24 

45 

2 

6,440 

6,180 

16,859 

2.73 

875.52 

526.86 

60.18 

3.24 

33.88 

311.54 

16 
47 
48 
49 
50 
51 
52 

3 

0 
0 

0 

1 

II 

0 

8,540 

6,670 

22,014 

3.30 

1,131.99 

683.89 

60.41 

61.94 

43.27 

342.89 

940 

4  711 

1,411 

3.00 

143.60 

45.84 

31.92 

2.24 

15.37 

80.15 

53 

54 
55 
Total  or 

0 

II 

2 

7,220 

2,490 

11,770 

4.73 

938.70 

364.19 

38.80 

69.80 

55.98 

448.73 

average 

4:3  2 

382,800 

335,600 

970,389 

2.89 

57,482.11 

30,051.12 

52.28 

3,920.65 

5,743.44 

17,766.90 

is 


Table  11. -Log  scale,  veneer  tally,  and  cubic  volumes  by  sealing  diameter.  No.  3  Sawmill  grade  logs 


Log 

Number 

of 

logs 

Scale 

volume 

Veneer 

tally 

Volume 

scaling 

diameter 

(inches) 

Gross 

Net 

Volume, 
3/8-inch 
basis 

Recovery 
ratio 

Block 

Veneer 

Veneer 
recovery 

Below 

yrvidf 
veneer 

Core 

Residue 

-  -  Board 

feet  -  - 

Square  feet 

-   -   - 

feet 

Cub 

la  /,',-,'    - 

i- 
7 

6 

'.' 
in 

1 

(I 
11 
'i 
4 

20 

7(1 

i, 

3.25 

10.30 

1.94 

18.83 

D 

5.18 

3.18 

440 

440 

1,316 

2.99 

99.91 

39.91 

39.95 

.35 

27.05 

32.60 

11 

1-, 

2,020 

1,800 

5,661 

3.14 

483.31 

173.35 

35.87 

13.86 

143.05 

153.05 

L2 

4 

590 

540 

2,345 

4.34 

171.86 

70.91 

41.26 

13.53 

16.63 

50.79 

1  i 

1  * 

1,590 

1,400 

4,700 

3.36 

423.64 

142.83 

33.71 

50.51 

82.06 

148.24 

1  1 

17 

1,830 

1,640 

4,956 

3.02 

435.46 

155.28 

35.66 

55.99 

88.85 

135.34 

15 

lb 

3,220 

2,590 

7,765 

3.00 

744.51 

238.46 

32.03 

56.62 

152.21 

297.22 

L6 

12 

3,040 

2,550 

7,549 

2.96 

637.91 

234.92 

36.83 

43.54 

95.74 

263.71 

17 

', 

1,820 

1,400 

3,409 

2.43 

376.87 

106.17 

28.17 

35.49 

62.78 

172.43 

1  8 

8 

3,250 

2,670 

9,609 

3.60 

645.90 

299.76 

46.41 

36.37 

76.79 

232.98 

L9 

21 

7,180 

6,120 

15,722 

2.57 

1,331.97 

483.33 

36.29 

176.96 

198.71 

472.97 

20 

9 

l,S,SD 

3,280 

10,246 

3.12 

649.29 

317.03 

48.83 

78.83 

65.95 

187.48 

21 

7 

2,510 

1,880 

3,615 

1.92 

378.41 

112.21 

29.65 

48.91 

55.75 

161.54 

7J 

'■ 

3,790 

2,870 

5,612 

1.96 

676.84 

173.71 

25.66 

170.34 

66.95 

265.84 

23 

8 

4,650 

4,000 

8,787 

2.20 

753.13 

268.11 

35.60 

113.90 

92.10 

279.02 

24 

n 

4,280 

3,390 

6,889 

2.03 

700.21 

211.43 

30.19 

116.57 

64.18 

308.03 

25 

1, 

4,400 

3,200 

9,536 

2.98 

708.10 

298.76 

42.19 

24.20 

89.20 

29  5.94 

26 

' 

2,120 

1,720 

4,484 

2.61 

325.63 

140.36 

43.10 

55.61 

28.25 

101.41 

.'7 

1 

3,560 

1,880 

4,588 

2.44 

631.11 

142.04 

22.51 

97.38 

44.51 

347.18 

J.-' 

4 

3,100 

2,460 

5,170 

2.10 

449.28 

162.18 

36.10 

63.05 

44.45 

179.60 

10 

3 

n 

4,310 

3,550 

8,334 

2.35 

641.51 

260.99 

40.68 

127.39 

43.67 

209.46 

31 
32 

ii 
2 

3,120 

2,270 

4,443 

1.96 

428.85 

135.05 

31.49 

.98 

58.60 

234.22 

33 

3 

2,890 

2,490 

4,426 

1.78 

425.20 

133.85 

31.48 

58.62 

38.73 

194.00 

34 
35 

i>, 
37 
38 

!M 

40 
41 

4J 

.' 
0 
! 

i) 
1 

ii 
1 

n 

n 

3,000 

1,950 

3,753 

1.92 

427.41 

121.93 

28.53 

106.47 

52.30 

146.71 

3,920 

3,330 

6,595 

1.98 

580.37 

197.54 

34.04 

158.91 

49.41 

174.51 

!   ,  1   ID 

670 

841 

1.26 

160.05 

27.33 

17.08 

0 

20.44 

112.28 

1,960 

1,220 

1,714 

1.40 

273.66 

55.72 

20.36 

103.03 

16.28 

98.63 

— 

— 

— 

-- 

-- 

-- 

— 

-- 

-- 

-- 

n 

— 

-- 

-- 

-- 

— 

— 

— 

-- 

-- 

-- 

4; 

45 

() 
ii 

"" 



__ 

"~ 

— 

— 

'- 

~~ 



4h 
47 

ii 
0 

— 

— 

— 

— 

— 

— 

~~ 

~" 

~~ 

48 
49 
50 
M 
52 

1 

11 
1 

n 

i 

1,840 

1,480 

2,367 

1.60 

220.40 

76.90 

34.92 

82.09 

7.73 

53.62 

1,990 

1,080 

2,258 

2.09 

266.65 

7  3.34 

27.50 

94.36 

7.57 

91.38 

53 
54 
55 

,., 
57 

ii 
i) 
') 
ii 
1 

-- 

__ 

- 



__ 

" 



__ 

2,590 

1,640 

4,034 

2.46 

332.39 

L22.19 

36.76 

0 

32.58 

177.62 

Total  or 

average 

185 

84,040 

65,530 

160,789 

2.45 

14,390.13 

4,977.59 

34.59 

1,983.86        1 

,847.70 

5,580.98 

19 


Table  12-Log  scale,  veneer  tally,  and  cubic  volumes  by  scaling  diameter,  all  logs 


Log 

Number 

of 

logs 

Scale 

volume 

Veneer  tally 

Volume 

scaling 

il  L,jrn<_'U  r 
(inches) 

Gross 

Net 

Volume > 
3/8-inch 
basis 

Recovery 
ratio 

Block 

Veneer 

Veneer 
recovery 

Below 

■d  1  . 1  d , ■ 

veneer 

Core 

Residue 

-  -  Board  feet  -  - 

Square  feet 

-  -  -  Cubic 

feet 

Percent 

-  -  -  -  - 

?ubic  feet  - 

7 

1 

0 
0 
0 
4 

20 

20 

65 

3.25 

10.30 

1.94 

18.83 

0 

5.18 

3.18 

9 
LO 

440 

440 

1,316 

2.99 

99.91 

39.91 

39.95 

.35 

27.05 

32.60 

1  1 

0 

2,020 

1,800 

5,661 

3.14 

483.31 

173.35 

35.87 

13.86 

143.05 

153.05 

L2 

21 

2,830 

2,760 

8,532 

3.09 

637.83 

263.32 

41.28 

21.78 

193.62 

159.11 

1  3 

57 

5,520 

5,140 

15,018 

2.92 

1,196.95 

460.75 

38.49 

78.47 

304.14 

353.59 

14 

33 

6,130 

5,730 

18,532 

3.23 

1,297.85 

570.12 

43.93 

80.06 

285.07 

362.60 

I'j 

59 

13,920 

12,820 

40,413 

3.15 

2,784.10 

1,249.05 

44.86 

115.67 

576.61 

842.77 

16 

IX 

ID.HJO 

9,930 

30,464 

3.07 

2,117.59 

937.96 

44.29 

130.13 

349.38 

700.12 

17 

48 

15,560 

14,160 

45,541 

3.22 

2,903.68 

1,407.95 

48.49 

118.84 

479.60 

897.30 

L8 

31 

12,650 

11,770 

39,164 

3.33 

2,249.04 

1,215.11 

54.03 

62.54 

293.01 

678.38 

I'l 

46 

L8,  'tin 

16,290 

49,074 

3.01 

3,157.79 

1,501.49 

47.55 

216.61 

440.90 

998.79 

20 

45 

23,210 

21,040 

66,870 

3.18 

3,745.94 

2,060.22 

55.00 

156.10 

472.49 

1,057.13 

.'1 

ii, 

20,250 

18,780 

56,676 

3.02 

3,238.52 

1,748.37 

53.99 

144.76 

377.77 

967.62 

.'J 

n 

21,480 

19,250 

55,207 

2.87 

3,534.65 

1,701.49 

48.14 

284.18 

385.68 

1,163.30 

23 

40 

29,100 

26,940 

76,754 

2.85 

4,459.40 

2,378.88 

53.34 

280.92 

453.81 

1,345.79 

24 

34 

26,210 

22,940 

70,246 

3.06 

4,169.47 

2,153.22 

51.64 

245.17 

409.24 

1,361.84 

25 

37 

30,760 

26,620 

76,503 

2.87 

4,567.02 

2,370.26 

51.90 

248.87 

478.61 

1,469.28 

-'i, 

Jf. 

25,450 

23,870 

69,950 

2.93 

3,743.17 

2,197.14 

58.70 

246.75 

285.83 

1,013.45 

-'7 

31 

33,800 

28,680 

82,874 

2.89 

4,910.25 

2,558.30 

52.10 

298.55 

383.61 

1,669.79 

28 

n 

33,390 

29,740 

83,897 

2.82 

4,818.13 

2,570.38 

53.35 

304.32 

404.14 

1,539.29 

:•) 

20 

24,310 

21,210 

58,535 

2.76 

3,541.41 

1,826.15 

51.57 

312.68 

283.85 

1,118.73 

30 

18 

22,820 

20,560 

62,356 

3.03 

3,286.01 

1,944.75 

59.18 

48.65 

281.08 

1,011.53 

31 

26 

32,870 

28,630 

78,894 

2.76 

4,513.86 

2,429.73 

53.83 

224.10 

345.34 

1,514.69 

32 

21 

30,850 

26,890 

74,004 

2.75 

4,393.64 

2,262.51 

51.49 

312.75 

334.55 

1,483.83 

13 

l'J 

26,770 

23,780 

74,204 

3.12 

3,925.14 

2,264.00 

57.68 

201.57 

249.69 

1,209.88 

14 

23 

14, Mill 

28,360 

82,855 

2.92 

5,066.59 

2,583.22 

50.98 

318.81 

405.23 

1,759.33 

!'. 

19 

31,670 

28,280 

85,807 

3.03 

4,636.84 

2,630.00 

56.72 

250.38 

272.35 

1,484.11 

36 

17 

27,780 

24,000 

70,594 

2.94 

4,102.25 

2,164.30 

52.76 

313.57 

278.28 

1,346.10 

17 

12 

20,920 

16,820 

53,650 

3.19 

2,990.44 

1,666.77 

55.74 

146.09 

175.60 

1,001.98 

38 

8 

15,240 

12,770 

41,435 

3.24 

2,169.40 

1,299.60 

59.91 

87.44 

114.32 

668.04 

39 

IS 

27,930 

24,190 

75,393 

3.12 

3,924.69 

2,312.61 

58.92 

243.10 

200.99 

1,167.99 

40 

9 

19,270 

16,150 

39,845 

2.47 

2,566.75 

1,222.46 

47.63 

238.18 

203.70 

902.41 

41 

3 

6,760 

5,870 

14,101 

2.40 

872.88 

447.63 

51.28 

10.87 

94.38 

320.00 

42 

11 

24,360 

20,740 

47,039 

2.27 

3,094.42 

1,460.66 

47.20 

203.81 

286.63 

1,143.32 

43 

7 

18,650 

15,530 

46,585 

3.00 

2,371.47 

1,434.95 

60.51 

16.08 

110.68 

809.76 

44 

5 

12,560 

10,820 

28,558 

2.64 

1,719.25 

874.16 

50.84 

162.58 

125.54 

556.97 

45 

i 

12,990 

11,590 

32,267 

2.78 

1,7  ,1.H4 

1,020.95 

58.24 

74.37 

85.93 

571.79 

46 

7 

18,860 

14,920 

47,675 

3.20 

2,524.65 

1,468.50 

58.17 

76.98 

130.54 

848.63 

47 

2 

4,450 

3,600 

10,690 

2.97 

578.43 

342.18 

59.16 

9.81 

29.23 

197.21 

48 

i, 

16,660 

14,460 

35,162 

2.43 

2,179.89 

1,053.52 

48.33 

124.25 

212.26 

789.86 

49 

4 

7,640 

5,920 

19,036 

3.22 

1,090.34 

623.20 

57.16 

14.92 

66.45 

385.77 

VI 

r>l 

3 
0 

4,920 

3,420 

9,100 

2.66 

685.61 

278.28 

40.59 

104.60 

36.79 

265.94 

52 
53 

55 

'jh 

57 

Total  or 

0 

1 
ii 
2 
0 
1 

2,230 

1,870 

4,434 

2.37 

264.48 

134.34 

50.79 

.14 

23.66 

106.34 

7,220 

2,490 

11,770 

4.73 

9  38.70 

364.19 

38.80 

69.80 

,',.•)>; 

448.73 

2,590 

1,640 

4,034 

2.46 

332.39 

122.19 

36.76 

0 

32.58 

177.62 

aVlT.l^r 

913 

786,760 

683,230 

2,000,780 

2.93 

117,647.47 

61,790.05 

52.52 

6,613.46 

11,184.42 

38,059.54 

LM) 


Table  li.-Veneer  recovery  by  log  sealing  diameter.  No.  I  Peeler  grade, 
woods-length  logs 


Log 
scaling 

Number 
of 
logs 

Veneer 
volume i 
3/8-inch 
basis 

Recovery   by 

veneer   grade 

diameter 
Cinches) 

A 

A  patch 

B 

B  patch 

C 

D 

Square  feet 

-  Percent  -   -   -   - 

U 

2 

(1 

4,338 

0.6 

2.8 

,,.i 

5.8 

48.7 

35.5 

33 
34 

0 
2 

6,100 

.8 

3.8 

4.2 

12.1 

31.3 

47.8 

i 

4 

17,785 

1.8 

7.4 

4.3 

15.8 

55.0 

15.7 

36 

2 

5,919 

.8 

13.5 

4.3 

37.2 

32.1 

12.1 

17 

11,054 

4.6 

36.2 

10.3 

3.8 

39.1 

6.0 

IS 

1 

3,618 

12.2 

22.1 

7.1 

20.1 

33.4 

5.1 

i'i 

3 

9,940 

.2 

5.0 

11.3 

33.0 

35.1 

15.4 

40 

41 
42 

2 

6,540 

2.6 

6.8 

3.0 

18.1 

56.1 

13.4 

8,090 

1.4 

6.6 

5.0 

38.6 

31.4 

17.0 

43 

2 

13,383 

3.4 

28.7 

24.5 

21.9 

16.0 

5.5 

44 

2 

11,348 

35.5 

23.  7 

4.6 

15.4 

17.2 

3.6 

45 

1 

5,434 

0 

28.9 

0 

19.1 

22.1 

29.9 

46 

47 

1 

ii 

8,324 

45.2 

15.4 

10.9 

20.8 

5.5 

48 
49 

0 
1 

6,557 

0 

36.4 

0 

14.1 

40.9 

8.6 

50 
Total   or 

1 

5,431 

4.1 

3.9 

11.5 

14.9 

57.0 

8.6 

average 

28 

123,861 

5.3 

18.7 

8.4 

18.6 

35.4 

13.6 

Table  14  -Veneer  recovery  by  log  sealing  diameter.  No,  2  Peeler  grade, 
woods-length  logs 


Log 
scaling 

Number 

of 

logs 

Veneer 
volume , 
3/8-inch 

basis 

Recovery  by  veneer   grade 

diameter 
( inches) 

A 

A  patch 

B 

B   patch 

C 

D 

Square  feet 

-  -  -  Perce} 

it 

32 

1 

3,990 

0.5 

3.2 

9.4 

8.1 

26.8 

52.0 

11 

2 

12,028 

11.2 

21.7 

6.5 

11.3 

40.2 

9.1 

34 

2 

11,291 

3.1 

21.5 

7.6 

14.2 

22.0 

31.7 

!5 

1 

15,229 

.8 

8.8 

4.8 

11.9 

42.5 

31.2 

>,,, 

4 

21,273 

12.7 

23.2 

7.6 

13.0 

28.5 

15.0 

17 

2 

8,925 

10.5 

20.7 

5.5 

14.8 

22.4 

26.1 

)H 

1 

5,737 

9.0 

9.6 

2.3 

19.9 

21.4 

37.8 

39 

2 

11,045 

3.5 

26.1 

11.6 

6.7 

34.6 

17.5 

4n 

1 

3,884 

4.0 

20.7 

10.6 

24.9 

18.2 

21.6 

41 

0 

— 

— 

— 

— 

-- 

— 

— 

42 

3 

15,450 

3.0 

17.2 

10.7 

20.2 

36.2 

12.7 

4  1 

2 

14,789 

9.5 

30.7 

14.6 

15.5 

19.0 

10.7 

44 

u 

— 

— 

— 

— 

— 

— 

— 

45 

ii 

— 

-- 

-- 

— 

— 

— 

— 

46 

'i 

— 

— 

-- 

-- 

— 

-- 

-- 

47 

'1 

— 

— 

-- 

— 

— 

— 

— 

48 

3 

20,796 

12.9 

6.6 

13.7 

11.9 

38.9 

16.0 

49 

1 

7,748 

0 

34.2 

0 

16.2 

37.3 

12.3 

average 

27 

152,185 

7.3 

18.9 

M  .  8 

13.9 

31.5 

19.6 

2] 


Table  1 5. -Veneer  recovery  by  log  scaling  diameter.  No.  3  Peeler  grade, 
woods-length  logs 


Log 
scaling 

Numliei 

Of 

logs 

Veneer 
volume, 
3/8-inch 
basis 

Recovery  by   veneer   grade 

diameter 
(inches) 

A 

A   patch 

B             B   patch 

C 

D 

Square  feet 

-  -  -  Percent  -  -  - 

■', 

11 

28,047 

3.1 

8.5 

4.2 

13.1 

45.8 

25.3 

25 

1 

16,595 

3.6 

9.9 

4.0 

11.9 

44.4 

26.2 

'6 

K 

25,338 

1.6 

18.6 

2.6 

21.9 

30.6 

24.7 

27 

9 

26,126 

2.6 

13.7 

2.3 

12.6 

44.9 

23.9 

28 

12 

32,703 

2.4 

9.1 

6.0 

12.1 

39.2 

31.2 

■■< 

5 

16,376 

1.1 

16.4 

'■ .  6 

17.4 

31.0 

28.5 

30 

8 

27,268 

4.6 

21.3 

5.11 

20.9 

23.5 

24.7 

11 

9 

27,952 

3.7 

8.2 

4.3 

12.6 

38.2 

33.0 

32 

7 

29,096 

3.9 

15.7 

6.2 

19.5 

28.7 

26.0 

33 

H 

34,124 

5.2 

16.0 

3.5 

17.5 

22.6 

35.2 

34 

4 

14,654 

10.2 

19.5 

4.5 

7.7 

36.5 

21.6 

15 

i 

29,994 

2.2 

17.9 

2.1 

18.5 

26.6 

32.7 

ih 

4 

20,418 

2.6 

21.7 

7.5 

17.2 

24.1 

26.8 

37 

3 

14,019 

3.9 

9.3 

5.2 

25.2 

19.2 

37.2 

38 

5 

31,239 

15.9 

19.9 

4.8 

15.4 

25.1 

18.9 

19 

3 

13,898 

11.0 

19.6 

4.7 

18.9 

14.4 

31.4 

40 
41 
42 

1 
1 

4,959 

1.4 

21.1 

18.9 

2.9 

24.0 

31.7 

5,848 

10.8 

22.6 

13.1 

16.6 

10.4 

26.5 

43 
44 
45 

2 

(i 
2 

12,773 

3.6 

23.9 

12.7 

9.2 

25.0 

25.6 

9,974 

2.5 

24.1 

11.0 

19.4 

12.6 

30.4 

46 

i 

17,337 

3.9 

23.5 

10.0 

9.5 

13.2 

39.9 

4? 

:< 

10,690 

1.2 

24.0 

3.2 

14.8 

23.3 

33.5 

48 

2 

11,999 

10.8 

22.8 

18.6 

12.7 

21.5 

13.6 

VI 

50 
51 
52 
53 

2 
0 

0 

ll 
1 

4,731 

20.9 

8.0 

17.9 

19.6 

25.5 

8.1 

4,434 

21.4 

12.2 

20.4 

20.5 

23.0 

2.5 

average 

125 

470,592 

5.1 

16.4 

5.9 

15.8 

29.1 

27.7 

Table  lb-Veneer  recovery  by  log  scaling  diameter,  Special  Peeler  grade, 
woods-length  logs 


Log 
scaling 

Number 
of 
logs 

Veneer 
volume, 

Recovery  by   veneer   grade 

diameter 
(inches) 

3/8-inch 
basis 

A 

A   patch 

B 

B   patch 

C 

D 

. 

Aare  feet 

-  -  Percer 

t 

IK 

'i 

13,272 

0.3 

7.3 

3.0 

8.9 

66.4 

14.1 

14 

i : 

13,846 

.7 

4.7 

2.5 

7.4 

53.4 

31.3 

20 

ll 

20,560 

1.1 

8.7 

3.7 

12.3 

49.5 

24.7 

21 

'i 

18,180 

1.1 

10.4 

3.7 

13.8 

36.7 

34.3 

22 

10 

19,404 

1.2 

10.0 

2.9 

16.3 

53.2 

16.4 

23 

L6 

37,702 

2.0 

13.2 

3.5 

15.6 

46.7 

19.0 

average 

i,h 

122,964 

1.3 

9.9 

3.3 

13.2 

49.6 

22.7 

22 


Table  17. -Veneer  recovery  by  log  scaling  diameter.  No.  2  Sawmill  grade 

woods-length  logs 


Log 

Number 

Veneer 

Recovery  by 

veneer  grade 

scaling 

of 
logs 

volume, 
3/8-inch 

diameter 

(inches) 

basis 

A 

A  patch 

B 

B  patch 

C 

D 

Square  feet 

-  -  Percent  -  -  -  - 

12 

17 

6,187 

0.5 

1.2 

1.5 

1.8 

48.5 

46.5 

1  1 

24 

10,318 

.4 

1.1 

.7 

1.5 

55.1 

41.2 

14 

21 

13,576 

.3 

1.2 

.7 

2.7 

49.4 

45.7 

lr> 

43 

32,648 

.4 

1.0 

.9 

3.4 

35.2 

60.0 

16 

26 

22,915 

.5 

3.6 

.9 

4.3 

37.5 

52.2 

17 

42 

42,132 

.7 

2.2 

1.7 

6.6 

32.3 

56.5 

18 

L4 

16,283 

.1 

.5 

.2 

4.5 

29.1 

65.6 

19 

14 

19,506 

1.0 

2.2 

1.3 

7.2 

29.8 

58.5 

20 

25 

36,064 

.7 

2.6 

1 .4 

h  . :-; 

23.7 

64.8 

2] 

20 

34,881 

.4 

2.8 

1.4 

8.4 

25.8 

61.2 

J  J 

19 

30,191 

.7 

1.8 

1.6 

3.3 

21.8 

70.8 

23 

16 

30,265 

.5 

2.4 

2.0 

7.9 

21.9 

65.3 

24 

15 

35,310 

.4 

2.3 

1.6 

6.7 

19.7 

69.3 

25 

24 

50,372 

.9 

3.2 

1.4 

7.6 

20.2 

66.7 

26 

15 

40,128 

1.1 

3.4 

1.5 

13.9 

11.4 

68.7 

27 

19 

52,160 

1.5 

5.8 

2.2 

7.4 

18.2 

64.9 

28 

L5 

46,024 

.7 

3.0 

1.4 

6.9 

11.4 

76.6 

29 

\1 

33,825 

1.6 

4.0 

1.9 

14.6 

27.7 

50.2 

30 

10 

35,088 

2.6 

11.1 

3.7 

15.7 

20.4 

46.5 

31 

15 

46,604 

1.8 

7.4 

3.8 

12.3 

19.1 

55.6 

32 

11 

36,475 

2.6 

6.1 

3.8 

10.6 

19.2 

57.7 

33 

6 

23,626 

4.8 

11.5 

3.7 

12.2 

11.4 

56.4 

34 

13 

47,057 

3.6 

9.6 

5.1 

16.7 

19.7 

45.3 

35 

6 

22,799 

4.0 

17.2 

1.2 

12.2 

18.4 

47.0 

36 

4 

16,389 

5.0 

11.7 

5.0 

11.4 

17.4 

49.5 

37 
38 
39 

5 
0 
7 

19,652 

7.7 

12.6 

4.3 

15.9 

23.8 

35.7 

40,510 

5.7 

8.2 

5.4 

12.9 

19.1 

48.7 

40 

4 

22,748 

6.4 

15.0 

6.1 

17.8 

8.8 

45.9 

41 

3 

14,101 

2.7 

16.8 

1.3 

12.7 

27.4 

39.1 

42 

5 

17,651 

.9 

8.0 

11.1 

10.5 

28.8 

40.7 

43 

1 

5,640 

8.8 

24.8 

1.9 

27.0 

11.3 

26.2 

44 

3 

17,210 

6.5 

10.5 

1.8 

10.9 

34.7 

35.6 

45 

2 

16,859 

11.8 

12.7 

17.7 

22.3 

16.4 

19.1 

46 
47 
48 
49 
50 
51 
52 

1 

0 
0 
0 
1 
0 

() 

22,014 

16.3 

9.6 

7.5 

15.1 

18.9 

28.7 

1,411 

0 

1.1 

5.4 

19.6 

32.5 

41.4 

53 
54 
55 

0 
0 
2 

11,770 

3.5 

20.2 

9.7 

14.0 

15.4 

37.2 

Total  or 

average 

482 

970,389 

2.6 

6.3 

3.1 

10.2 

22.4 

55.4 

23 


Table  18. -Veneer  reeovery  by  log  scaling  diameter,  No.  3  Sawmill  grade, 

woods-length  logs 


Log 
scaling 

Number 

of 

logs 

Veneer 
vo lume , 
3/8-inch 
basis 

Recovery  by   veneer   grade 

diameter 
(inches) 

A              A  patch 

B 

B  patch 

C 

D 

6 
7 
8 
9 
LO 

1 
(i 
0 
0 
4 

Square  feet 
65 

0 

U 

0                     6 

24.6 

75.4 

1,316 

0 

.4 

.2 

0 

75.3 

24.1 

11 

16 

5,661 

.9 

1.6 

2.3 

1.8 

43.3 

50.1 

12 

4 

2,345 

4.4 

2.4 

2.1 

2.6 

21.8 

66.7 

1   1 

13 

4,700 

0 

.1 

.1 

0 

10.2 

89.6 

L4 

L2 

4,956 

.4 

.2 

.1 

.3 

10.3 

88.7 

L5 

16 

7,765 

.2 

.5 

.3 

2.5 

9.2 

87.3 

Lh 

12 

7,549 

1.7 

1.5 

.4 

1  .9 

12.0 

82.5 

17 

6 

3,409 

0 

.3 

.1 

.6 

19.1 

79.9 

L8 

8 

9,609 

0 

.3 

.2 

.6 

12.7 

86.2 

1" 

21 

15,722 

.5 

.3 

.3 

.9 

9.9 

88.1 

20 

9 

10,246 

.6 

.9 

.5 

5.1 

13.7 

79.2 

2] 

7 

3,615 

1  .  i 

.2 

.7 

.3 

9.1 

88.4 

22 

6 

5,612 

.5 

.4 

.7 

3.3 

7.5 

87.6 

8 

8,787 

•1.0 

2.7 

1.2 

4.0 

6.4 

84.7 

24 

H 

6,889 

0 

.8 

.1 

3.4 

15.5 

80.2 

7r> 

6 

9,536 

.5 

1.0 

1  .7 

2.3 

13.3 

81.2 

:•(■. 

i 

4,484 

2.7 

6.5 

1.3 

5.8 

7.7 

76.0 

27 

'. 

4,588 

1.0 

1.7 

8.9 

3.4 

20.1 

64.9 

28 

4 

5,170 

.6 

.5 

3.3 

9.7 

8.5 

77.4 

29 

id 

0 

8,334 

5.8 

3.7 

2.0 

4.8 

11.1 

72.6 

H 
32 

i) 
2 

4,443 

1.8 

6.8 

2.5 

7.7 

11.7 

69.5 

i  1 

J 

4,426 

6 .  1 

8.8 

4.7 

3.3 

6.0 

70.9 

!4 

35 
36 

2 

i) 
3 

3,753 

0 

0 

.  L 

1.9 

12.4 

85.6 

6,595 

.3 

6.9 

1.3 

13.1 

20.6 

57.8 

37 

u 

— 

— 

-- 

— 

— 

— 

— 

18 

! 

84] 

(i 

ii 

0 

0 

21.8 

78.2 

14 

0 

-- 

-- 

-- 

-- 

— 

-- 

-- 

40 

1 

1,714 

6.7 

9.7 

2.2 

20.1 

8.2 

53.1 

42 

0 
0 

-_ 

__ 

:: 

__ 

~~ 

-- 

44 

II 

— 

-- 

— 



-- 

— 

— 

4  5 
46 

1) 
o 

-- 

— 

— 

"- 

— 

-- 

— 

47 

0 

__ 







II 

~_~_ 

4  ft 

1 

2,367 

8.7 

23.6 

2.4 

13.6 

7.') 

43.8 

49 

I) 

— 

— 

— 

— 





__ 

50 

1 

2,258 

10.0 

16.3 

2.2 

8.5 

3.7 

59.3 

5] 

I) 

— 

— 

— 

-- 

-- 

-- 

— 

52 

I) 

— 

-- 

— 

-- 

— 

— 

-- 

>t 

(1 

— 

-- 

— 

-- 

-- 

-- 

-- 

54 

o 

-- 

-- 

-_ 



__ 

__ 

__ 

55 

(i 

— 

— 

— 

-- 

— 

-- 

-- 

',!:, 

0 

— 

— 

— 

— 

— 

— 

-_ 

57 

1 

4,034 

30.5 

8.1 

24.1 

7.8 

25.6 

3.9 

Total   or 

average 

185 

160,789 

2.2 

2.6 

1.9 

3.8 

13.6 

75.9 

1M 


Table  19 -Veneer  recovery  by  log  scaling  diameter, 
all  woods-length  logs  combined 


Log 
scaling 

Number 

of 

logs 

Veneer 
vo lume , 
3/8-inch 
I       basis 

\',v 

covery  by 

veneer  grade 

diameter 
(inches) 

A 

A  patch 

B 

B  patch 

C 

'       D 

1 

Square  feet 

7 
8 
9 

ID 

1 

(i 
(I 
0 
4 

65 

0 

0 

ii 

() 

24.6 

75.4 

1,316 

0 

.4 

.2 

0 

75.3 

24.1 

11 

lh 

5,661 

.9 

1.6 

2.3 

1.8 

43.3 

50.1 

12 

2] 

8,532 

1  .6 

1.5 

1.7 

2  .  n 

41.2 

52.0 

13 

17 

15,018 

.3 

.8 

.5 

1.0 

41.1 

56.3 

14 

33 

18,532 

.3 

1  .0 

.5 

2.0 

39.0 

57.2 

L5 

Vi 

40,413 

.3 

.9 

.8 

3.2 

30.2 

64.6 

lh 

S8 

30,464 

.8 

3.0 

.8 

3.7 

31.2 

60.5 

17 

48 

45,541 

.7 

2.1 

1  .i. 

6.1 

31.3 

58.2 

L8 

11 

39,164 

.  1 

2.8 

1.2 

5.0 

37.8 

53.1 

L9 

46 

49,074 

.8 

2.3 

1.3 

r).;1 

30.1 

60.3 

20 

45 

66,870 

4.2 

2.0 

8.2 

30.1 

54.7 

21 

',i, 

56,676 

.7 

5.0 

2.1 

9.6 

28.2 

54.4 

22 

tr> 

55,207 

.8 

4.6 

2.0 

7.9 

31.3 

53.4 

23 

40 

76,754 

1.3 

7.7 

2.6 

11.2 

32.3 

44.9 

24 

34 

70,246 

1.4 

4.6 

2.5 

8.9 

29.7 

52.9 

25 

17 

76,503 

1.5 

4.4 

2.0 

7.9 

24.6 

59.6 

26 

26 

69,950 

1.4 

9.1 

1  .4 

16.3 

18.1 

53.2 

27 

31 

82,874 

1.8 

8.0 

2.6 

8.8 

26.8 

52.0 

28 

31 

83,897 

1.3 

5.2 

3.3 

9.1 

22.1 

59.0 

29 

20 

58,535 

2.1 

7.4 

2.9 

14.0 

26.3 

47.3 

30 

18 

62,356 

3.5 

15.5 

4.3 

17.9 

21.7 

37.1 

11 

26 

78,894 

2.4 

7.4 

4.1 

12.1 

27.5 

46.5 

S2 

21 

74,004 

3.0 

9.7 

5.0 

13.8 

22.9 

45.6 

33 

19 

74,204 

6.1 

15.1 

4.1 

14.0 

20.9 

39.8 

!4 

82,855 

4.3 

12.1 

5.0 

13.8 

23.5 

41.3 

55 

14 

85,807 

2.3 

13.9 

2.8 

15.1 

33.1 

32.8 

36 

17 

70,594 

5.8 

17.8 

6.1 

15.9 

24.2 

30.2 

37 

12 

53,650 

6.6 

17.9 

6.0 

15.6 

25.5 

28.4 

38 

8 

41,435 

14.3 

18.3 

4.6 

16.2 

25.1 

21.5 

',4 

15 

75,393 

5.7 

12.5 

6.9 

15.7 

22.6 

36.6 

40 

9 

39,845 

5.0 

14.7 

7.4 

16.8 

19.4 

36.7 

41 

3 

14,101 

2.7 

16.8 

1.3 

12.7 

27.4 

39.1 

42 

1  1 

47,039 

2.9 

12.6 

10.2 

19.3 

29.4 

25.6 

43 

7 

46,585 

6.0 

27.6 

15.4 

17.0 

18.9 

15.1 

■V, 

5 

28,558 

18.1 

15.7 

2.9 

12.7 

27.8 

22.8 

4r, 

5 

32,267 

7.0 

19.0 

12.6 

20.8 

16.2 

24.4 

46 

7 

47,675 

9.3 

20.9 

9.8 

12.3 

17.1 

30.6 

47 

2 

10,690 

1.2 

24.0 

3.2 

14.8 

23.3 

33.5 

48 

f. 

35,162 

11.9 

13.3 

14.6 

12.3 

30.9 

17.0 

49 

4 

19,036 

5.2 

28.5 

4.5 

16.3 

35.6 

9.9 

50 

i 

9,100 

4.9 

6.5 

8.2 

14.1 

39.9 

26.4 

r>  5 
54 
r>r. 
56 
57 

n 
1 
n 
-' 
0 
1 

4,434 

21.4 

12.2 

20.4 

20.5 

23.0 

2.5 

11,770 

3.5 

20.2 

9.7 

14.0 

15.4 

37.2 

4,034 

30.5 

8.1 

24.1 

7.8 

25.6 

3.9 

Total   or 

average 

913 

2,000,780 

3.6 

10.3 

4.4 

12.0 

26.5 

43.2 

25 


Table  20. -Distribution  oj  veneer  grade  ami  item  by  thickness.  No.   I  Peeler  grade  logs 


Veneer 
item 


Veneer  grade 


A  patch       B        B  patch 


Total, 
all  grades 


Below  grade 
veneer  volume 


Percent   --------------   —  Square  feet,    3/8-inch  basis   - 


Full  sheets: 
1/10-inch 
1/8-inch 
1/5-inch 


57,326 

0 

u 


JM4 
0 
0 


Half  sheets: 
1/10-inch 
1/8-inch 
1/5-inch 


33       18 


25,958 
0 

0 


166 
0 
0 


Random  width: 
1/10-inch 
1/8-inch 
1/5-inch 


54       18 


40,577 
0 

i) 


123,861 


1,651 
0 

n 


2,111 


Table  2 /.-Distribution  of  veneer  grade  and  item  by  t/uckness.  No.  2  Peeler  grade  logs 


Veneer 
item 

Veneer  grade 

Total, 
all  grades 

Below  grade 
veneer  volume 

A 

A  patch 

B 

B  patch 

C 

D 

Square  feet,    3/8-inch  basis 


Full  sheets: 
1/10-inch 
1/8-inch 
1/5-inch 


61,068  365 

0  0 

0  0 


Half  sheets: 
1/10-inch 
1/8-inch 
1/5-inch 


6 

13 

• 

11 

32 

J  7 

41,067 
0 
5 

0 

0 

0 

0 

!  'I 

0 

1,481 
0 

II 


Random  width : 
1/10-inch 
1/8-inch 
1/5-inch 


50,045 
0 

i.i 


2,614 
0 
0 


26 


Table  22. -Distribution  oj  veneer  grade  and  item  by  thickness.  No.  3  Peeler  grade  lugs 


Veneer 

Veneer 

.',  r.iiK 

Total, 

B 

l-Iow  grade 

| 

item 

A 

A  patch 

B 

B 

patch 

c 

1   D 

all  grades 

veneer  volume 

Percent 

, 

Full  sheets: 

1/10-inch 

6 

25 

4 

:\ 

20 

24 

201,988 

1,446 

1/8-inch 

4 

17 

7 

48 

21 

3 

10,437 

0 

1/5-inch 

" 

" 

" 

~ 

"" 

~~ 

0 

0 

Half  sheets: 

1/10-inch 

:. 

16 

4 

14 

27 

14 

104,266 

5,406 

1/8-inch 

1  '. 

17 

L4 

28 

24 

4 

6,160 

36 

1/5-inch 

0 

ll 

0 

0 

0 

.'I 

2,152 

27 

Random  width : 

1/10-inch 

J 

>. 

9 

8 

41 

33 

135,107 

7,620 

1/8-inch 

8 

1 

11 

11 

58 

1  1 

10,482 

22 

1/5-inch 

0 

ii 

Total 

470,592 

14,557 

Table  23. -Distribution  oj  veneer  grade  and  item  by  thickness.  Special  Peeler  grade  logs 


Veneer 
item 


A  patch 


Veneer  grade 


B        B  patch 


Total, 
all  grades 


Below  grade 
/eneer  volume 


Square  feet,    3/8-ineh  basis 


Full  sheets: 
1/10-inch 
1/8-inch 
1/5-inch 


1 

15 

i 

Ii, 

45 

.'ii 

56,416 

II 

5 

0 

lh 

50 

29 

6,834 

- 

— 

— 

-- 

— 

— 

0 

205 

0 

ii 


Half  sheets: 
1/10-inch 
1/8-inch 
1/5-inch 


1 

9 

2 

1 , 

4  b 

27 

21,052 

2 

8 

1 

29 

48 

12 

2,723 

i) 

0 

0 

0 

92 

8 

3,038 

551 

16 
20 


Random  width 
1/10-inch 
1/8-inch 
1/5-inch 


2 

4 

7 

7 

54 

.'»- 

27,991 

1 

(l 

1 

7 

72 

L9 

4,910 

- 

-- 

— 

-- 

-- 

-- 

0 

Total 


122,964 


IT. 


28 


Table  24. -Distribution  <>/  veneer  grade  and  item  by  thickness.  No.  2  Sawmill  grade  logs 


Veneer 

i  ;  em 


A    patch 


B  patch 


Total, 
all  grades 


elow  grade 
neer  volume 


Square  feet,    3/8-inah  basis 


Full  sheets: 
1/10-inch 
1/8-lnch 

1/5-inch 


299,809 
58,844 


5,764 

713 

0 


Half  sheets: 
1/10-inch 
1/8-inch 
1/5-inch 


273,116 
32,263 
21,123 


66,837 

1,322 

134 


Random  width : 
1/10-inch 
1/8-inch 
1/5-inch 

Total 


226,204 
59; 030 


127,254 


Table  25  -Distribution  oj  veneer  grade  and  item  by  thickness,  No.  3  Sawmill  grade  logs 


Veneer 
Item 


Veneer  grade 


Total, 
all  grades 


Below  grade 
veneer  volume 


Square  feet,    3/8-inah  basis 


Full  sheets: 
1/10-inch 
1/8-inch 
1/5-inch 


26,556 

7,376 
0 


1,099 

226 

0 


Half  sheets: 
1/10-inch 
1/8-inch 
1/5-inch 


50,786 
6,120 
6,455 


-.!  , 

772 
54 


Random  width: 
1/10-inch 
1/8-inch 
1/5-inch 

Total 


,li,hXI. 

12,810 
0 


19,964 
656 


Table  26 -Distribution  oj  veneer  grade  and  item  by  thickness,  all  logs  combined 


Veneer 
item 

Veneer  grade 

Total, 
all  grades 

Below  grade 
veneer  volume 

A 

A  patch 

B 

B  patch 

C 

D 

Square  feet,   3/8-inah  basis    -  - 


Full   sheets: 
1/10-inch 

1/8-inch 
1/5-inch 


703,163 

83,491 

0 


9,173 

939 

0 


Half  sheets: 
1/10-inch 
1/8-inch 
1/5-inch 


4 

11 

3 

11 

21 

50 

516,245 

7 

8 

7 

23 

17 

38 

47,266 

0 

0 

0 

0 

69 

U 

32,773 

115,447 

2,166 

235 


Random  width : 
1/10-inch 
1/8-inch 
1/5-lnch 


530,610 

87,232 

0 


84,621 
1,482 


Total 
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No.  2  Peeler  grade  blocks 40 

43  Distribution  of  veneer  grade  and  item  by  thickness, 

No.   3  Peeler  grade  blocks 41 
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Special  Peeler  grade  blocks 41 
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all  blocks  combined 42 
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Table  27. -Log  scale,   veneer  tally,  and  cubic  volumes  by  scaling  diameter.  No.  I  Peeler  grade  veneer  blocks 


Block 

Number 

of 
blocks 

Scale  volume 

Veneer   tally 

Volume 

scaling 
diameter 

(inches) 

Gross 

Net 

■:,,  i  Lime , 
3/8-inch 
basis 

Recovery 
ratio 

Block 

Veneer 

Veneer 
recovery 

Below 
grade 
veneer 

Core 

Residue 

Board  feet 


',() 

2 

II 

0 

32 

3 

i  i 

2 

;/, 

2 

35 

5 

36 

6 

37 

i.i 

18 

4 

39 

2 

," 

4 

41 

_> 

2 

43 

4 

44 

2 

1 

46 

0 

48 

2 

.,', 

1 

,0 

n 

5] 

1 

32 

1 

1 

l 

14 

ii 

1 

56 

0 

57 

0 

58 

59 

1 

[Ota]    oi 

IV.     1      11" 

49 

660 

1,110 

780 

800 

2,200 

2,760 

2,160 
1,120 
2,400 
1,280 
1,340 
2,800 
1,480 
760 
790 

1,720 
900 

170 

1,010 


1,310 


870 

/no 

750 

1,760 

2,420 

1,760 

1,040 

2,080 

830 

1,140 

2,300 

1,280 

560 

400 

1,430 
760 

..'.hi, 

.-■.'Ml 


tare  feet 

1,894 

I  .  ■-. ; 

2,894 

3.33 

2,223 

3.18 

2,023 

.:.  70 

5,253 

2.98 

8,052 

i.  13 

4,776 

..'.7  1 

3,528 

5,763 

2.  77 

2,065 

2.49 

3,738 

3.28 

7,467 

3.25 

3,138 

2.45 

2,066 

i   h', 

1,732 

4.33 

3,994 

2.79 

1,880 

2.47 

2,054 

2.39 

3,031 

3.41 

-  -Cubic  feet-  -  -  - 
95.79  59.18 


164.94 
110.05 
113.49 
306.14 
407.39 

296.18 
163.05 
325.58 
166.21 
169.55 
355.12 
192.40 
98.97 
105.57 

236.46 

117.71 

144.19 
164.79 


93.67 
69.60 
63.82 
163.21 
248.84 

149.60 

105.15 

176.46 

62.53 

113.27 

226.30 

95.09 

62.71 

56.87 

131.12 

58.74 

67.38 
88.87 


Percent 

61.78 

56.79 
63.24 
56.23 

53.31 
61.08 

50.51 

64.49 
54.20 
37.62 
66.81 
63.72 
49.42 
63.36 
53.87 

55.45 
49.90 

46.73 
53.93 




-  Cubic  feet  - 

0.21 

11.04 

25.36 

2.38 

14.35 

54.55 

0 

10.03 

30.42 

1.59 

8.32 

39.76 

1.07 

20.06 

121.80 

1.33 

32.61 

124.61 

.85 

31.53 

114.20 

1.64 

17.78 

38.48 

.80 

14.84 

133.48 

.44 

49.96 

53.28 

0 

6.88 

49.40 

2.43 

17.16 

109.23 

0 

21.85 

75.46 

0 

7.91 

28.35 

8.32 

6.42 

33.96 

5.14 

12.32 

87.88 

.54 

3.05 

55.38 

4.02 

'■'  .  8  I 

66.96 

5.64 

11.09 

59.19 

Table  2H.-Log  scale,  veneer  tally,  and  cubic  volumes  by  scaling  diameter.  No.  2  Peeler  grade  veneer  blocks 


Block, 
scaling 
diameter 
(inches) 

Number 

of 

blocks 

Seal 

..'..  1  inn, 

Veneer   tally 

Volume 

Gross 

Net 

Volume, 
3/8-inch 
basis 

Recovery 
ratio 

Block 

Veneer 

Veneer 
recovery 

Below 
grade 
veneer 

Core 

Residue 

-  -   -   -    Boar 

i  feet  

Square  feet 

Cubic 

feet 

Percent 

-    Cubic  feet 

in 

4 

1,320 

1,080 

2,884 

2.67 

179.94 

89.47 

49.72 

0.15 

12.92 

77.40 

II 

2 

720 

720 

2,154 

2.99 

102.30 

64.20 

62.76 

2.65 

6.97 

28.48 

U 

6 

2,220 

1,910 

5,327 

2    79 

306.10 

170.23 

55.61 

2.48 

34.09 

99.30 

i  l 

5 

1,950 

1,880 

5,772 

3.07 

271.71 

177.37 

65.28 

.27 

19.56 

74.51 

34 

7 

2,800 

2,470 

8,126 

3.29 

421.89 

254.12 

60.23 

!  .6h 

22.94 

143.17 

15 

4 

1,760 

1,540 

5,309 

3.45 

242.10 

161.05 

66.52 

2.83 

11.30 

66.92 

i„ 

3 

1,380 

1,180 

3,509 

2.97 

195.36 

108.52 

55.55 

.44 

24.54 

61.86 

17 

2 

1,020 

900 

3,081 

3.42 

136.26 

93.91 

68.92 

.14 

5.98 

36.23 

18 

1 

540 

510 

1,774 

3.48 

76.05 

53.78 

70.72 

0 

2.47 

19.80 

39 

4 

2,240 

2,070 

6,133 

2.96 

302.85 

185.86 

61.37 

0 

25.84 

91.15 

40 

6 

3,600 

2,770 

8,426 

1.04 

484.84 

255.71 

52.74 

2.11 

31.06 

195.96 

41 

3 

1,920 

1,760 

5,518 

1    14 

267.89 

157.32 

62.46 

.54 

9.48 

90.55 

42 

670 

640 

1,971 

3.08 

85.10 

59.75 

70.21 

0 

10.74 

14.61 

43 

1 

1,400 

1,150 

3,516 

3.06 

214.79 

106.56 

49.61 

0 

33.00 

75.23 

44 

4 

2,960 

2,310 

6,286 

2 . 7 : 

396.06 

191.47 

48.34 

.15 

20.32 

184.12 

.' 

1,520 

1,430 

3,166 

2.21 

193.35 

97.80 

50.58 

.28 

6.59 

88.68 

46 

.',  / 
48 

1 

n 
1 

790 

700 

1,827 

M.l 

101.11 

55.33 

0 

.56 

2.61 

42.61 

1,720 

1,530 

4,246 

2.  78 

228.06 

139.35 

61.10 

1.81 

11.49 

75.41 

•,') 

2 

1,800 

1,210 

4,962 

4.10 

259.44 

162.13 

62.49 

1.59 

20.85 

74.87 

,ii 

1 

940 

790 

2,614 

3.31 

139.13 

85.78 

61.65 

.56 

5.83 

46.96 

51 
52 

i 

1 
0 

1 

170 

:-:_'i) 

1,984 

2.42 

135.11 

62.05 

45.93 

0 

6.92 

66.14 

1,050 

730 

2,438 

3.34 

158.23 

73.86 

46.68 

0 

15.68 

68.69 

Total  or 

average 

-■', 

35,290 

.,,,  Ii... 

91,023 

3.02 

4,897.67 

2,815.62 

57.49 

18.22 

341.18 

1,722.65 

30 


Table  29- Log  scale,  veneer  tally,  and  cubic   volumes  by  scaling  diameter.  No.  3  Peeler  grade   veneer  blocks 


Block 
scaling 
diameter 
(inches) 

Numbe  r 

of 
blocks 

Scale 

volume 

Veneer 

tally 

Volume 

Gross 

Net 

Volume,      1 
3/8-inch 
basis 

Recovery 
ratio 

Block 

Veneer 

recovery 

Below 
grade 
veneer 

Core 

Residue 

-  -  -   -  Board 

feet 

Square  feet 

-   -   -    -       , 

?  feet  

Percent 

24 

23 

4,830 

4,690 

13,606 

90 

681.80 

421.44 

61.81 

3.14 

i   '   .... 

194.78 

25 

17 

8,510 

7,830 

22,574 

1,206.38 

696.24 

57.71 

11.11 

1  !6.  18 

26 

25 

6,250 

5,650 

16,489 

2.92 

870.39 

507.99 

58.36 

6.68 

88.62 

267.10 

27 

10 

8.100 

7,610 

22,458 

2.95 

1,159.59 

685.11 

59.08 

10.17 

L06.92 

28 

21 

6,090 

5,660 

15,723 

2.  78 

833.67 

483.68 

58.02 

9.60 

111.93 

29 

24 

7,400 

6,790 

20,483 

3.02 

1,034.54 

626.70 

60.58 

9.  38 

68.95 

129.  .1 

30 

19 

6,270 

5,790 

16,624 

2.87 

887.37 

512.24 

57.73 

13.38 

61.97 

299. 78 

.11 

24 

8,640 

7,370 

20,222 

2.74 

1,170.75 

625.10 

53.39 

10.75 

114.40 

421).  30 

32 

20 

7,400 

6.600 

19,274 

2.92 

1,030.74 

595.77 

57.80 

14.21 

92.46 

33 

21 

8,190 

7,080 

22,588 

i.M 

1,161.30 

703.24 

60.56 

8.54 

71.11 

37R.41 

34 

23 

9,200 

8,100 

23,991 

2.96 

1,338.01 

733.39 

54.81 

8.21 

131.03 

465.  « i 

35 

19 

8,360 

7,440 

22,802 

3.06 

1,175.73 

698.44 

59.40 

10.43 

96.49 

370. 37 

36 

is 

8,280 

7,300 

23,492 

3.22 

1,216.69 

717.00 

58.93 

11.66 

93.27 

394.71, 

3? 

10 

5,100 

4,320 

13,611 

) .  15 

705.26 

419.92 

59.54 

8.16 

35.29 

241.89 

IS 

13 

7,020 

6,020 

19,258 

3.20 

969.27 

588.76 

60.74 

9.20 

53.62 

317.69 

39 

15 

8,400 

7,440 

22,538 

3.03 

1,186.82 

693.36 

58.42 

14.37 

64.64 

414.45 

,0 

7 

4,200 

3,280 

10,106 

3.08 

610.13 

305.41 

50.06 

11.03 

46.01 

247.68 

41 

9 

5,760 

4,440 

13,349 

3.01 

765.56 

414.69 

54.17 

15.32 

57.45 

278.10 

42 

' 

6,030 

4,420 

14,825 

3.35 

855.68 

460.03 

53.76 

11.87 

66.66 

317.12 

43 

7 

4,900 

4,190 

11,798 

2  .  82 

666.06 

367.89 

55.23 

6.93 

35.58 

255.66 

44 

4 

2,960 

2,450 

7,838 

3.20 

389.14 

244.08 

57.58 

5.55 

19.45 

120.06 

4 

3,040 

2,710 

8,379 

3.09 

401.53 

262.70 

65.42 

3.81 

18.23 

I  16.79 

... 

4 

3,160 

2,460 

8,409 

3.42 

431.25 

265.88 

61.65 

12.95 

16.25 

136.17 

47 

4 

3,320 

2,460 

8,772 

3.57 

430.43 

276.68 

64.28 

3.60 

17.08 

133.07 

48 

6 

5,160 

4,090 

11,191 

2.74 

680.78 

339.33 

49.84 

9.45 

57.48 

274.52 

49 

6 

5,400 

3,470 

14,065 

4.05 

770.54 

4  34.09 

56.34 

17.27 

64.37 

254.81 

50 

7 

6,580 

5,380 

15,292 

2.84 

856.56 

466.36 

54.45 

8.56 

76.07 

305.57 

51 

2 

1,940 

1,860 

5,936 

3.19 

306.80 

179.63 

58.55 

i.i, u 

6.17 

117.40 

52 

2 

2,020 

1,750 

5,284 

3.02 

293.28 

166.10 

56.63 

1.17 

12.28 

113.7  1 

53 

2 

2,100 

1,860 

5,071 

2.73 

280.65 

151.31 

53.91 

4.90 

18.71 

105.7  1 

54 

1 

1,090 

900 

1,659 

1.84 

161.53 

50.34 

31.16 

2.45 

24.77 

83.97 

Total  or 

average 

416 

175,700 

151,410 

457,707 

3.02 

24,528.23 

14,092.90 

57.46 

277.67 

1,916.13 

8.241.53 

Table  30 -Log  scale,  veneer  tally,  and  cubic  volumes  by  scaling  diameter.  Special  Peeler  grade  veneer  blocks 


Block  . 
scaling 

diameter 
(inches) 


Number 

of 
blocks 


Scale    volume 


Veneer    tally 


Volume, 
3/8-inch 


Recovery 
ratio 


Below 
grade 


-  -  -  -  Board  f 

set     -  - 

-     Square  feet 

-  -  -  -Cubic 

;'..■-. 

t 

Percen t 

-  i  'id 

18 

23 

2,530 

2,480 

7,364 

'■• 

393.64 

226.21 

57.47 

1.54 

62.42 

103.47 

19 

2  s 

3,360 

3,210 

9,242 

■j    88 

532.11 

284.19 

53.41 

.'    45 

87.50 

157.97 

20 

32 

4,480 

4,370 

12,148 

2.  78 

582.89 

371.44 

54.39 

5.09 

92.24 

214.12 

21 

30 

4,500 

4,350 

13,394 

l.i  is 

683.83 

407.32 

59.56 

8.66 

87.57 

180.28 

22 

32 

5,440 

5,310 

15,658 

807.01 

480.73 

59.57 

■  .,.,, 

91.42 

231.26 

23 

15 

6,650 

6,430 

18,344 

2.85 

961.54 

565.59 

58.82 

7.25 

106.02 

282.68 

Total   or 

average 

180 

26,960 

26,150 

76,150 

2.91 

4,061.02 

2 

,335.48 

57.51 

28.59 

527.17 

1,169.78 

:;i 


Tabic  il.-Log  scali'.  veneer  tally,  and  cubic  volumes  by  scaling  diameter,  No.  2  Sawmill  grade  veneer  blocks 


Block 
scaling 
diameter 
(inches) 

Number 

of 
blocks 

Scale  volume 

Veneer  tally 

Volume 

Gross 

Net 

Volume, 

3/8-inch 
basis 

Recovery 
ratio 

Block 

Veneer 

Veneer 
recovery 

Below 
grade 
veneer 

Core 

Residue 

-  -  -  -Board  feet-   -  -  - 

Square  feet 

Cubic 

feet 

Percent 

-  Cubic  feet- 

i 

32 

1,280 

1,250 

2,804 

2.24 

247.79 

86.79 

35.03 

4.09 

88.45 

68.46 

1 1 

44 

2,200 

2,150 

5,209 

2.42 

397.06 

161.01 

40.55 

12.00 

125.10 

98.95 

14 

3,750 

3,680 

9,235 

2.51 

649.19 

284.69 

43.85 

11.21 

189.98 

163.31 

1  . 

77 

5,390 

5,230 

13,617 

2.60 

914.48 

418.12 

45.72 

19.17 

225.42 

251.77 

16 

80 

6,400 

6,270 

17,178 

2.74 

1,074.26 

527.89 

49.14 

24.89 

228.07 

293.41 

i  / 

') 

8,550 

8,410 

22,880 

2.72 

1,420.90 

705.91 

49.68 

41.58 

271.61 

401.80 

L8 

7  5 

8,250 

7,990 

20,930 

2.62 

1,266.75 

643.34 

52.44 

38.79 

211.89 

372.73 

19 

7  7 

9,180 

9,070 

24,395 

J.i.'i 

1,420.54 

752.75 

52.99 

52.56 

220.73 

394.50 

20 

., 

9,100 

8,840 

24,048 

2.72 

1,334.33 

742.98 

55.68 

41.72 

190.86 

358.77 

-'1 

9,750 

9,380 

26,440 

2.82 

1,484.08 

816.45 

55.01 

62.19 

188.96 

416.48 

22 

64 

10,880 

10,580 

30,379 

2.87 

1,603.77 

933.40 

58.20 

55.74 

184.81 

429.82 

.'  1 

i'-i 

11,210 

10,920 

29,235 

2.68 

1,582.15 

902.85 

57.06 

50.52 

193.16 

435.62 

24 

.,; 

14,070 

13,380 

36,867 

2.76 

1,925.96 

1,136.68 

59.02 

74.17 

212.28 

502.83 

25 

63 

14,490 

13,740 

37,816 

1.75 

2,003.94 

1,163.92 

58.08 

91.22 

186.78 

562.02 

26 

49 

12,190 

11,400 

31,846 

2.79 

1,683.84 

987.73 

58.66 

67.71 

155.48 

472.92 

27 

52 

14,040 

12,910 

35,338 

2.74 

1,911.83 

1,095.16 

57.28 

111.48 

169.02 

536.17 

28 

50 

14,500 

13,770 

38,544 

2.80 

1,975.10 

1,189.74 

60.24 

92.54 

155.75 

537.07 

"i 

54 

16,740 

15,300 

43,207 

2.82 

2,281.36 

1,333.97 

58.47 

133.83 

171.32 

642.24 

10 

52 

17,160 

15,370 

41,817 

2.72 

2,328.79 

1,288.15 

55.31 

109.30 

186.85 

744.49 

31 

44 

15,840 

13,790 

39,166 

2.84 

2.157.91 

1,203.39 

55.77 

103.06 

152.98 

698.48 

32 

47 

17,390 

15,240 

44,619 

2.93 

2,394.70 

1,378.51 

57.56 

161.96 

193.17 

661.06 

13 

35 

13,650 

12,380 

36,441 

2.94 

1,902.44 

1,115.13 

58.62 

71.82 

133.96 

581.53 

34 

13,200 

12,180 

35,955 

2  . 9  . 

1,916.52 

1,109.34 

57.88 

96.15 

114.04 

596.99 

35 

; 

11,880 

10,730 

31,675 

2.95 

1,640.50 

965.90 

58.88 

87.17 

107.31 

480.12 

)', 

23 

10,580 

9,610 

28,670 

2.98 

1,500.80 

879.61 

58.61 

107.94 

72.32 

440.93 

5  7 

30 

15,300 

13,460 

41,111 

1.05 

2,056.51 

1,259.51 

61.24 

118.29 

109.85 

568.86 

18 

14 

7.51,0 

6,280 

17,097 

2.72 

1,003.24 

527.08 

52.54 

102.61 

64.09 

309.46 

39 

12 

6,720 

5,490 

16,876 

3.07 

927.08 

533.26 

57.52 

104.10 

53.45 

236.27 

40 

18 

10,800 

9,240 

27,296 

2.95 

1,452.20 

839.31 

57.80 

67.17 

65.97 

479.75 

4 

14 

8,960 

7,630 

20,789 

2.72 

1,211.25 

641.12 

52.93 

79.20 

76.22 

414.71 

42 

L6 

10,720 

9,260 

23,707 

2.56 

1,388.74 

732.46 

52.74 

95.65 

64.40 

496.23 

4  1 

16 

11,200 

9,230 

27,031 

.' .  9  1 

1,493.84 

840.05 

56.23 

50.16 

117.80 

485.83 

44 

11 

8,140 

6,920 

18,433 

2.66 

1,064.87 

568.26 

53.36 

36.92 

110.89 

348.80 

4 

6 

4,560 

3,970 

9,795 

2.47 

624.22 

309.04 

49.51 

30.89 

46.10 

238.19 

46 

9 

7,110 

5,990 

16,125 

2.69 

928.87 

496.85 

53.49 

104.24 

44.23 

283.55 

47 

Id 

8,300 

7,080 

21,038 

.:  97 

1,096.16 

646.56 

58.98 

49.48 

55.33 

344.79 

48 

3 

2,580 

2,250 

6,256 

2.78 

330.20 

193.42 

58.58 

34.10 

20.31 

82.37 

49 

5 

4,500 

4,150 

9,240 

2.23 

586.70 

280.45 

47.80 

17.91 

69.35 

218.99 

50 

5  1 

4 
0 

3,760 

2,990 

8,229 

2.75 

510.66 

251.02 

49.16 

7.71 

54.99 

196.94 

52 
53 
54 
55 

0 

1 

0 

1 

1,050 

150 

1,537 

4.39 

146.01 

46.48 

31.83 

4.98 

4.87 

89.68 

1,130 

570 

2,153 

3.78 

149.56 

65.28 

43.65 

10.18 

3.03 

71.07 

',h 

1 

1,180 

590 

2,252 

3.82 

155.22 

68.22 

43.95 

5.15 

7.91 

73.94 

Total  or 

average 

1,563 

385,240 

349,020 

977,276 

2.80 

54,144.32 

30,121,78 

55.63 

2,641.55 

5,299.09    16 

,081.90 

:vj 


Table  32.-Log  scale,  veneer  tally,  and  cubic  volumes  by  scaling  diameter.  No.  3  Sawmill  grade  veneer  blocks 


Block 
scaling 
diameter 
(inches) 

Number 

Scale   volume 

Veneer    tally 

Volume 

of 
blocks 

Gross 

Net 

Volume, 
3/8-inch 

basj  s 

Recovery 

ratio 

Block 

Veneer 

Veneer 
recovery 

Below 
veneer 

I  di  e 

Residue 

9 
10 

1  1 
12 
13 
. 
15 
16 

1  1 
1ft 
19 
20 
21 
11 
23 
24 
IS 

2  ft, 
17 
-'ft 
29 
.in 
31 
32 
i.i 
34 

3  5 
'.' 
17 
18 
... 
40 
41 
•i.' 

.', 
45 
46 
47 
J8 
49 
50 
■1 
52 
5  3 
)4 
55 
16 
57 
5  K 


13 
24 
if 
li 
42 
34 
16 
41 
lh 
36 
35 
.  i 
33 
37 
14 
25 
11 
19 
26 
I  ft 
20 
10 
ft 
10 
10 

u 

6 
12 
3 
6 
3 
1 

2 


-  -  -Board 

Square  feet 

L0 

10 

0 

30 

30 

72 

45  'J 

.1" 

•i  ' 

140 

,00 

784 

650 

630 

1,491 

1,410 

1,260 

2,553 

2,470 

2,270 

5,359 

2,600 

2,500 

5,304 

3,740 

3,420 

8,672 

3,740 

3,260 

6,986 

4.320 

4,010 

7,585 

5,740 

5,090 

10,865 

6,760 

,..  l  -.i) 

13,405 

6,120 

5,460 

11,435 

6,650 

6,180 

13,129 

8,970 

8,240 

15,923 

7,560 

6,660 

13,694 

9,250 

8,520 

18,546 

9,180 

7,830 

15,432 

7,250 

6,830 

13,931 

6,820 

5,920 

12,305 

6,270 

5,940 

12,623 

9,360 

8.160 

16,007 

5,920 

5,110 

9,449 

7,800 

6,660 

13.935 

4,000 

3,350 

6,058 

3,520 

2,980 

7,359 

4,490 

3,610 

7,522 

5.100 

4,070 

8,405 

5,940 

5,140 

11,590 

3,360 

3,020 

6,556 

7,200 

6,220 

12,429 

1,920 

1,730 

4,672 

4,020 

3,070 

7,765 

2,100 

1,850 

2,373 

740 

670 

583 

1,520 

770 

2,154 

1  .580 

1,370 

1,662 

830 

760 

1,645 

360 

360 

1,201 

900 

650 

1,166 

940 

6 ,  u 

1,034 

2.40 
2.26 
1.96 
2.37 
2.03 
2.36 
1.12 
2.54 
2.14 


2 
2 

2 
2 
1 
2 
2 
1 

2. 
2.08 
2.13 
'ii, 
I  .85 
2.09 
1.81 
2.47 
2.08 
-'.0  7 
!.!'■ 
2.17 

."'J 
2.70 
2.53 
1  ...'ft 

.87 
2.80 
1.21 
.'  li, 
1.40 

i  n 

1.54 


1,050  760 

1,130  560 

1,260  630 


1,224  1.61 

1,187  2.12 


6.10 

99.14 

92.81 

132.37 

254.94 

456.39 

454.80 

646.13 

614.07 

686.01 

902.97 

1,036.66 

903.77 

950.88 

1,269.21 

1,075.57 

1,292.08 

1,286.10 

996.74 

943.68 

848.60 

1,263.37 

843.41 

1,074.14 

599.77 

489.89 

616.17 

678.24 

789.52 

450.98 

951.11 

247.97 

509.68 

260.89 

94.61 

20C.48 

200.29 

112.40 

107.23 

113.17 

128.38 


138.27 
145.40 


0 

2.20 

28.48 

24.17 

44.64 

79.15 

164.65 

162.92 

267.71 

217.26 

233.48 

335.47 

414.05 

354.38 

406.91 

497.79 

425.26 

575.42 

481.02 

434.29 

382.57 

396.73 

496.89 

297.09 

431.05 

191.26 

225.72 

232.52 

264.81 

364.55 

207.84 

385.29 

146.57 

246.62 

74.34 

17.18 

70.52 

51.09 

49.83 

39.02 

37.94 

33.55 


39.79 
38.60 


0 
36.07 
28.73 

26.04 
33.72 
31.05 
36.08 
35.82 
41.43 
35.38 
34.03 
37.15 
39.94 
39.21 
42.79 
39.22 
39.54 
44.  53 
37.40 
43.57 
40.54 
46.75 
39.33 
35.22 
40.13 
31.89 
46.08 
37.74 
39.04 
46.17 
46.09 
40.51 
59.11 
48.39 
28.49 
18.16 
35.18 
25.51 
44.33 
36.39 
33.52 
26.13 


28.78 
26.55 


il 
0 

I  ,46 

.1.  14 

8.37 

14.14 

31.65 

47.83 

55.59 

47.90 

83.85 

97.54 

84.27 

96.46 

124.61 

183.51 

96.34 

189.79 

1 12.88 

154.77 

108.16 

129.23 

144.11 

H.  I     18 

168.01 

108.64 

70.41 

85.54 

90.84 

140.07 

77.94 

179.70 

18.59 

103.41 

112.65 

46.87 

62.63 

31.75 

1.56 

37.52 

44.57 

48.84 


45.52 
32.99 


. 

!.86 

0 

1.83 

2.07 

40.  ii, 

28.84 

11.11 

32.19 

31.12 

46.24 

72.13 

89.52 

106.38 

153.71 

96.82 

147.23 

114.22 

208.61 

109.77 

2 39.14 

116.85 

251.83 

136.58 

333.38 

132.63 

405.71 

115.41 

3  17.52 

97.39 

321.97 

1  34.68 

453.23 

114.09 

4  39.88 

103.07 

423.80 

152.12 

520.08 

80.63 

327.05 

90.48 

362.47 

60.90 

261.74 

84.62 

537.75 

100.39 

284.55 

65.97 

409.11 

48.63 

251.24 

24.65 

169.11 

90.32 

207.79 

53.82 

268.77 

47.65 

237.25 

23.73 

141.47 

66.75 

319.37 

16.41 

66.40 

36.57 

123.08 

14.07 

59.83 

5.26 

25.30 

10.93 

56.40 

19.86 

97.59 

7.89 

53.12 

3.63 

27.136 

4.10 

26.56 

1.79 

42.20 

3      '- 

49.18 

70.02 

Total   or 
average 


9,944.57 
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Table  33 -Log  scale,   veneer  tally,  and  cubic  volumes  by  scaling  diameter,  all  veneer  blocks 


Block 
scaling 

diameter 
(inches) 


Number 
of 

I  ■  Locks 


Scale  volume 


Veneer  tally 


Volume, 
3/8-inch 
basis 


Recovery 

r.it  i  i.i 


Venee c 
recovery 


Below 
grade 
veneer 


-  -  -     Board  feet  -  -  - 

Square  feet 

- Cubic 

feet 

Percent 

-    Cubic  feet  - 

'■ 

1 

L0 

10 

0 

0 

2.86 

0 

0 

0 

2.86 

0 

1 

1 

30 

30 

72 

2.40 

6.10 

2.20 

36.07 

0 

1.83 

2.07 

« 

1  j 

450 

410 

925 

2.26 

99.14 

28.48 

28.73 

1.46 

40.36 

28.84 

9 

43 

1,720 

1,650 

3,588 

2.17 

340.60 

110.96 

32.58 

7.43 

121.56 

100.65 

LO 

57 

2,850 

2,780 

6,700 

2.41 

529.43 

205.65 

38.84 

20.37 

158.22 

145.19 

11 

57 

5,160 

4,940 

11,788 

2.39 

904.13 

363.84 

40.24 

25.35 

262.11 

252.83 

L2 

1  1  i 

7,860 

7,500 

18,976 

2.53 

1,370.87 

582.77 

42.51 

50.82 

331.80 

405.48 

13 

113 

9,000 

8,770 

22,482 

2  .  56 

1,529.06 

690.81 

45.18 

72.72 

324.89 

440.64 

14 

1  17 

12,290 

11,830 

31,552 

.: .  1. 1 

2,067.03 

973.62 

47.10 

97.17 

385.83 

610.41 

L5 

t  12 

14,520 

13,730 

35,280 

2.57 

2,274.46 

1,086.81 

47.78 

88.23 

384.08 

715.34 

It, 

141 

16,860 

16,290 

41,222 

2  .  5  i 

2,638.66 

1,270.42 

48.15 

138.86 

425.08 

804.30 

L7 

1  18 

19,320 

18,300 

47,061 

2.57 

2,920.19 

1,449.89 

49.65 

144.35 

419.68 

906.27 

L8 

141 

21,010 

19,910 

53,239 

2.67 

3,204.57 

1,637.82 

51.11 

155.12 

409.16 

1 

002.47 

< 

lj: 

22,440 

21,350 

57,472 

2.69 

3,314.55 

1,768.51 

53.36 

155.80 

391.64 

998.60 

20 

\::> 

24,510 

23,530 

60,708 

2.58 

3,494.57 

1,875.35 

53.66 

182.38 

396.57 

1 

040.27 

21 

133 

27,870 

26,310 

66,396 

2.52 

3,876.97 

2,055.91 

53.03 

260.82 

409.40 

1 

150.84 

22 

133 

30,560 

28,230 

74,084 

2.62 

4,285.89 

2,285.42 

53.32 

198.89 

427.25 

1 

374.33 

23 

111 

27,690 

25,570 

66,881 

2.62 

3,846.31 

2,071.14 

53.85 

264.18 

347.17 

1 

163.82 

'4 

1  lb 

31,320 

28,350 

73,228 

2.58 

4,357.52 

2,261.29 

51.89 

254.53 

428.06 

1 

413.64 

25 

9b 

27,840 

26,260 

68,198 

2.60 

3,805.51 

2,107.71 

55.39 

256.91 

348.31 

1 

092.58 

.'•> 

100 

30,960 

28,010 

75,995 

2.71 

4,259.58 

2,343.24 

55.01 

251.37 

330.75 

1 

,334.22 

27 

96 

31,680 

28,670 

75,842 

2.65 

4,340.49 

2,345.77 

54.04 

252.27 

333.68 

1 

,408.77 

.'-' 

96 

34,560 

>-■. 

77,549 

.'  .  58 

4,694.33 

2,389.58 

50.90 

260.57 

358.97 

1 

685.21 

:•< 

92 

34,040 

29,730 

81,563 

2.74 

4,739.89 

2,535.27 

53.49 

342.41 

434.45 

1 

,427.76 

1U 

8  i 

32,370 

28,700 

80,959 

2.82 

4,519.64 

2,496.39 

55.23 

248.64 

300.63 

1 

,473.98 

31 

75 

30,000 

26,850 

76,153 

2.84 

4,389.68 

2,351.93 

53.58 

216.25 

325.01 

1 

496.49 

i  ' 

63 

27,720 

24,450 

72,398 

2.96 

3,854.36 

2,214.32 

57.45 

171.91 

259.81 

1 

,208.32 

33 

60 

27,490 

24,120 

71,245 

2.95 

3,936.41 

2,186.49 

55.54 

206.91 

313.06 

1 

,229.95 

34 

52 

26,520 

22,750 

66,208 

2.91 

3,576.27 

2,038.15 

56.99 

217.43 

204 .  94 

1 

,115.75 

)5 

43 

23,220 

19,710 

54,495 

:.  76 

3,134.26 

1,683.77 

53.72 

252.73 

199.36 

998.40 

36 

■/< 

21,840 

19,060 

55,631 

2.92 

3,030.78 

1,725.47 

56.93 

198.05 

185.44 

921.82 

17 

47 

28,200 

23,590 

64,020 

2.71 

3,823.86 

1,962.18 

51.31 

260.81 

224.63 

1 

,376.24 

IK 

0 

— 

— 

— 

— 

— 

-- 

— 

— 

— 

— 

39 
40 
41 

ii 
0 
31 

— 

— 

— 

— 

"- 

— 

"- 

— 

"- 

— 

19,840 

16,390 

46,393 

2.83 

2,658.88 

1,432.23 

53.87 

114.09 

209.52 

903.04 

42 

34 

22,780 

18,530 

52,006 

2.81 

3,008.75 

1,612.13 

53.58 

210.93 

185.25 

I 

,000.44 

43 

lj 

22,400 

18,720 

52,185 

2.79 

2,990.70 

1,615.14 

54.00 

172.17 

217.61 

985.78 

44 

22 

16,280 

13,630 

36,278 

2.66 

2,137.08 

1,116.08 

52.22 

89.49 

177.77 

753.74 

15 

11,400 

9,440 

25,560 

2.71 

1,518.55 

802.77 

52.86 

97.61 

89.76 

528.41 

46 

17 

13,430 

10,920 

29,755 

2  .  7  2 

1,767.09 

926.02 

52.40 

157.82 

89.37 

593.88 

47 

l  5 

12,450 

10,300 

31,455 

3.05 

1,638.99 

973.07 

59.37 

54.64 

80.30 

530.98 

48 

14 

12,040 

10,160 

26,888 

2.65 

1,582.73 

842.24 

53.21 

88.02 

105.23 

547.24 

49 

lrj 

13,500 

10,240 

31,313 

3.06 

1,847.56 

973.35 

52.68 

81.88 

161.72 

630.61 

50 

13 

12,220 

9,830 

27,169 

2.76 

1,634.73 

836.71 

51.18 

65.67 

140.68 

591.67 

51 

4 

3,880 

3,540 

9,974 

2.82 

586.10 

309.06 

52.73 

7.62 

18.92 

250.50 

52 

3 

3,030 

2,640 

8,315 

3.15 

458.07 

254.97 

55.66 

6.81 

23.37 

172.92 

i  1 

5 

5,250 

3,700 

10,270 

2.78 

723.16 

311.44 

43.07 

55.40 

43.04 

313.28 

>4 

1 

1,090 

900 

1,659 

1.84 

161.53 

50.34 

31.16 

2.45 

24.77 

83.97 

55 

3 

3,390 

1,920 

5,999 

3.12 

464.16 

191.15 

41.18 

47.34 

15.04 

210.63 

56 
57 
58 

1 
0 

1 

1,180 

590 

2,252 

3.82 

155.22 

68.22 

43.95 

5.15 

7.91 

73.94 

1,260 

630 

2,277 

1.61 

170.91 

73.95 

43.27 

15.46 

5.46 

76.04 

59 

1 

1,310 

7  1  0 

1,596 

2.25 

174.16 

48.33 

27.75 

0 

16.90 

108.93 

Mj 

0 

"" 

"" 

~~ 

— 

— 

~" 

— 

"" 

Total  or 

average 

3,042 

828,640 

734,220 

1,993,254 

2.71 

116,846.34 

61,538.36 

52.67 

6,527.29 

11,099.21 

37 

,681.48 

34 


Table  34. -Veneer  recovery  by  Nock  scaling  diameter.  No.  I  Peeler  grade  blocks 


Block 
scaling 

Number 

of 
blocks 

Veneer 
volume, 
3/8-inch 
basis 

Recovery  by  veneer   grade 

diameter 
Cinches) 

A 

A  patch 

B 

B  patch 

C 

D 

Square  feet 

-  -   Percent  -  -  -  - 

id 
U 

! 

0 
3 

1,894 

21.3 

20.5 

5.1 

23.2 

24.1 

5.8 

2,894 

13.3 

12.8 

2.7 

7.0 

39.6 

24.6 

11 

2 

2,223 

.4 

3.9 

1  .  . 

18.1 

48.9 

27.2 

14 

2 

2,023 

0 

4.7 

.5 

11.6 

36.8 

46.4 

1 

5 

5,253 

6.0 

9.4 

4.3 

16.4 

46.0 

17.9 

11 

37 
)8 

6 

n 
4 

8,052 

4.5 

9.8 

6.0 

27.8 

41.7 

10.2 

4,776 

.2 

4.9 

24.6 

52.7 

12.4 

39 

J 

3,528 

7.5 

3.8 

24.3 

16.8 

43.6 

4.0 

40 

4 

5,763 

1.9 

7.4 

20.9 

27.6 

33.8 

8.4 

41 

2 

2,065 

1.7 

21.5 

14.9 

15.0 

28.3 

18.6 

42 

2 

3,738 

4.4 

21.3 

9.2 

36.1 

24.4 

4.6 

43 

4 

7,467 

1  .'■■ 

31.1 

10.6 

22.4 

18.8 

15.6 

44 

2 

3,138 

3.0 

10.5 

12.5 

29.2 

33.9 

10.9 

4  5 

1 

2,066 

0 

8.6 

3.0 

36.3 

43.8 

8.3 

46 

47 

4H 

1 
0 
2 

1,732 

n 

24.9 

0 

15.7 

24.8 

34.6 

3,994 

0 

35.8 

0 

19.1 

25.1 

20.0 

49 
50 

5  1 

1 
1 

1,880 

27.0 

11.4 

16.1 

12.3 

31.7 

1.5 

2,054 

0 

8.3 

0 

13.4 

74.4 

3.9 

52 
5  i 

1 
0 

3,031 

2.2 

4.1 

19.0 

2.5 

60.9 

11.3 

54 

55 
56 
57 
58 

0 
1 
0 

'i 

n 
1 

2,659 

0 

19.7 

0 

15.8 

51.6 

12.9 

1,596 

24.2 

4.5 

9.5 

13.2 

40.2 

8.4 

Total  or 

average 

49 

71,826 

4.5 

14.0 

8.6 

20.9 

38.2 

13.8 

Table  35-Veneer  recovery  by  block  scaling  diameter.  No.  2  Peeler  grade  block?, 


Block 
scaling 

Number 

of 
blocks 

Veneer 
volume , 
3/8-inch 
basis 

Recovery  by  veneer  grade 

diameter 
(inches) 

A 

A  patch 

B 

B  patch 

C 

D 

Square  feet 

Percer 

t 

in 

4 

2,884 

7.7 

•l  .<, 

9.2 

16.5 

50.1 

6.9 

ii 

2 

2,154 

3.0 

8.9 

3.3 

25.0 

50.1 

9.7 

12 

t. 

5,327 

.8 

13.0 

3.4 

12.0 

39.4 

31.4 

H 

5 

5,772 

5.h 

8.4 

3.7 

10.1 

42.5 

29.7 

34 

7 

8,126 

1.2 

7.8 

6.4 

14.3 

52.2 

18.1 

!5 

'. 

5,309 

15.4 

37.6 

4.6 

10.9 

18.4 

13.1 

36 

3 

3,509 

.9 

12.8 

6.0 

18.3 

43.4 

18.6 

17 

1 

3,081 

6.9 

39.5 

8.0 

13.1 

17.6 

14.9 

IK 

1 

1,774 

15.4 

26.3 

3.6 

17.8 

19.7 

17.2 

I'J 

4 

6,133 

5.2 

13.8 

6.6 

20.7 

41.7 

12.0 

40 

6 

8,426 

2.8 

8.6 

7.5 

18.4 

41.4 

21.3 

43 

i 

5,518 

29.0 

18.1 

17.6 

14.1 

16.8 

4.4 

4  2 

1 

1,971 

0 

4.4 

.3 

43.9 

24.3 

27.1 

43 

2 

3,516 

0 

1.6 

4.6 

24.9 

52.3 

16.6 

44 

4 

6,286 

3.8 

36.3 

13.5 

14.9 

26.9 

4.6 

2 

3,166 

11.8 

10.3 

23.4 

11.5 

31.2 

16.8 

46 
47 

1 

i) 
2 

1,827 

6.8 

20.0 

19.8 

13.9 

32.8 

6.7 

4,246 

0 

38.2 

0 

20.9 

25.9 

15.0 

49 

2 

4,962 

4.6 

23.1 

10.3 

22.0 

27.7 

12.3 

50 

1 

2,614 

0 

42.1 

0 

14.2 

35.5 

8.2 

5  1 

1 

1,984 

21.1 

10.8 

11.8 

8.5 

45.0 

2  .  8 

52 

ii 

— 

-- 

— 

— 

-- 

— 

— 

1 

2,438 

34.7 

10.5 

33.6 

4.2 

16.0 

1-1.1 

Total  or 

average 

64 

91,023 

7.1 

18.1 

16.3 

35.1 

14.9 

35 


Table  36 -Veneer  recovery  by  block  scaling  diameter.  No.  3  Peeler  grade  blocks 


Block 

scaling 

d i  ameter 

{ inches) 


Number 

of 
blocks 


Veneer 

Vu  1  uiiir , 

3/8 -inch 

basis 


Recovery  by  veneer  grade 


A  patch       B      B  patch 


•  ire  feet 

-  -  -  i 

'■ 

24 

2  \ 

13,606 

2.8 

13.5 

4.0 

14.2 

V-,.h 

9.9 

25 

37 

22,574 

2.3 

10.8 

3.9 

18.5 

45.3 

19.2 

26 

25 

16,489 

3.9 

16.4 

4.6 

13.2 

40.4 

21.5 

27 

30 

22,458 

1.3 

9.1 

4.0 

18.7 

43.2 

23.7 

28 

21 

15,723 

3.9 

17.9 

5.0 

17.2 

36.4 

19.6 

29 

2  4 

20,483 

2.2 

16.0 

5 . 8 

12.5 

38.0 

25.5 

30 

r.i 

16,624 

3.3 

16.1 

2.8 

17.0 

36.7 

24.1 

31 

24 

20,222 

4.1 

12.7 

'.  .H 

15.1 

33.6 

28.7 

-12 

20 

19,274 

7.3 

15.1 

6.4 

16.1 

31.8 

23.3 

13 

21 

22,588 

4.9 

16.5 

4.3 

21.3 

27.2 

25.8 

34 

23 

23,991 

7.4 

17.5 

8.0 

14.8 

25.2 

27.1 

35 

19 

22,802 

6.6 

L9 . 7 

6.5 

15.9 

31.4 

19.9 

ii, 

18 

23,492 

10.4 

13.1 

7 . 8 

16.7 

33.5 

18.5 

37 

in 

13,611 

4.2 

20.5 

5.4 

13.5 

37.3 

19.1 

18 

1  i 

19,258 

8.8 

14.1 

5.5 

13.1 

42.0 

16.5 

VI 

15 

22,538 

4.2 

14.3 

5.2 

12.3 

39.9 

24.1 

40 

7 

10,106 

3.6 

16.6 

7.3 

7.5 

49.4 

15.6 

41 

'i 

13,349 

:.l 

22.1 

5.6 

20.7 

27.6 

20.9 

42 

9 

14,825 

8.7 

20.6 

12.4 

8.5 

28.8 

21.0 

43 

7 

11,798 

11.1 

15.2 

7.2 

19.8 

24.3 

22.4 

44 

4 

7,838 

8.9 

29.7 

6.4 

19.4 

19.1 

16.5 

45 

4 

8,379 

26.6 

21.5 

7.6 

16.2 

13.2 

14.9 

46 

4 

8,409 

16.8 

12.2 

9.4 

13.1 

24.4 

24.1 

47 

4 

8,772 

7.9 

25.2 

7.5 

10.0 

24.6 

24.8 

IK 

6 

11,191 

14.2 

23.3 

13.3 

10.3 

25.1 

13.8 

49 

6 

14,065 

13.9 

11.3 

11.3 

10.9 

32.2 

20.4 

50 

7 

15,29  2 

14.7 

22.8 

16.1 

10.9 

22.2 

13.3 

M 

2 

5,936 

9.6 

8.2 

23.9 

22.0 

31.9 

4.4 

52 

2 

5,284 

'  .  H 

15.8 

9.9 

18.6 

43.1 

9.8 

53 

2 

5,071 

10.5 

4.3 

13.2 

15.9 

49.7 

6.4 

54 

1 

1,659 

7.5 

6.9 

23.0 

13.1 

27.9 

21.6 

Total  or 

average 

116 

457,707 

6.8 

16.1 

7.1 

15.2 

34.1 

20.7 

Table  37. 

-Veneer  recovery  by  block  scaling  diameter.  Special  Peeler 

grade 

bit 

>cks 

Block 

Veneer 

Recovery 

by  veneer   grade 

scaling 

of 

volume, 
3/8-inch 

diameter 

(inches) 

blocks 

basis 

A 

A  patch 

B 

B  patch 

c 

D 

Square  feet 

Percent 

IS 

23 

7,364 

1.7 

6.9 

2.8               11.3 

52.1 

25.2 

19 

.'H 

9,242 

1.3 

8.4 

2.9               12.8 

58.1 

16.5 

20 

32 

12,148 

.6 

11.5 

3.2               12.6 

56.2 

15.9 

21 

30 

13,394 

.9 

12.1 

3.1               16.2 

46.7 

21.0 

772 

32 

15,658 

2.9 

10.6 

4.8               16.5 

50.8 

14.4 

2  i 

35 

18,344 

1.2 

10.7 

4.4               15.7 

53.9 

14.1 

Total  or 

average 

180 

76,150 

1.5 

10.4 

3.7               14.7 

52.7 

17.0 
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Tabic  38. -Veneer  recovery  by  block  scaling  diameter,  No.  2  Sawmill  grade  blocks 


Block 
scaling 

Number 

of 
blocks 

Veneer 
volume, 
3/8-inch 
basis 

Recovery  by  veneer   grade 

diameter 
(inches) 

A 

A  patch 

B 

B  patch 

C 

Ii 

Square  feec 

Pel  -- 1  ' :  c 

1: 

12 

2,804 

0.2 

n. 'i 

1  .7 

0.9 

68.7 

27.6 

13 

44 

5,209 

.6 

.8 

1.1 

2.1 

58.3 

J7.1 

14 

(,  i 

9,235 

.6 

1  . 

1.9 

I  . :-: 

58.6 

35.6 

l'i 

'7 

13,617 

.7 

1.5 

.9 

i.  j 

47.4 

46.2 

L6 

fill 

17,178 

.3 

1.3 

.9 

i.i. 

44.6 

49.3 

17 

"  > 

22,880 

.5 

2  .2 

.'> 

4.9 

34.3 

57.2 

1« 

75 

20,9  30 

0 

.6 

.7 

1.5 

33.6 

61.6 

19 

n 

24,395 

.1 

1.3 

1.3 

4.9 

31.8 

60.5 

20 

u; 

24,048 

.2 

1.4 

.9 

5.0 

33.5 

59.0 

21 

,,';, 

26,440 

.5 

'. 

1.2 

5.4 

31.3 

59.5 

•-' 

64 

30,379 

.6 

2.3 

1.3 

4.8 

21.6 

68.4 

2  i 

59 

29,235 

.4 

3.0 

1  .  1 

6.0 

24.8 

64.7 

-'■'. 

67 

36,867 

.7 

3.6 

1  .2 

9.1 

23.8 

61.6 

25 

i,  : 

37,816 

.8 

3.7 

1.3 

11.5 

26.1 

56.6 

:>■ 

49 

31,846 

.8 

3.7 

1  .0 

8.8 

22.6 

63.1 

27 

52 

35,338 

.4 

4.3 

1  .ii 

8.6 

19.7 

65.4 

28 

50 

38,544 

.7 

5.4 

1  .5 

10.7 

22.7 

59.0 

."i 

54 

43,207 

1.5 

5.6 

1  .5 

10.4 

21.9 

59.1 

in 

52 

41,817 

1.6 

4.5 

2.8 

8.2 

19.8 

63.1 

)] 

39  ,  166 

1.2 

i.'i 

i.r. 

12.1 

20.2 

53.1 

52 

47 

44,619 

1  .ii 

9.3 

2.9 

16.0 

19.0 

51.8 

13 

!5 

36,441 

7.1 

3 . 8 

16.2 

18.5 

51.9 

14 

13 

35,955 

L.5 

10.9 

i.h 

15.7 

20.4 

47.9 

»5 

.'7 

31,675 

1.  1 

17.2 

2.9 

14.2 

18.7 

43.9 

36 

28,670 

3.3 

12.8 

:.  . 

13.8 

16.1 

50.5 

37 

ill 

41,111 

3.0 

17.8 

19.3 

17.9 

38.7 

IH 

14 

17,097 

6.6 

16.4 

2.3 

9.6 

16.1 

49.0 

VI 

12 

16,876 

8.6 

10.6 

6.2 

19.0 

16.3 

39.3 

.',11 

18 

27,296 

7.5 

13.8 

5.7 

14.3 

23.4 

35.3 

41 

L4 

20,789 

5.2 

12.5 

11.6 

14.1 

22.7 

33.9 

42 

16 

23,707 

3.3 

11.5 

5.6 

14.5 

21.9 

43.2 

43 

16 

27,031 

7.3 

20.1 

5.8 

19.4 

24.9 

22.5 

44 

11 

18,433 

1.6 

18.0 

13.3 

17.5 

19.3 

30.3 

45 

i. 

9,795 

4.4 

21.8 

7.0 

11.5 

18.5 

36.8 

46 

" 

16,125 

13.7 

19.9 

2.8 

13.7 

11.7 

38.2 

47 

10 

21,038 

6.9 

20.4 

10.5 

13.0 

17.4 

31.8 

48 

3 

6,256 

8.9 

32.2 

9.8 

7.9 

14.9 

26.3 

•.'I 

5 

9,240 

4.0 

8.2 

6.7 

20.7 

21.1 

39.3 

51 

4 
0 

8,229 

2.8 

15.1 

6.8 

20.3 

27.6 

27.4 

52 

53 
54 

5  3 

ii 
1 

ii 
1 

1,537 

3.6 

20.2 

12.6 

20.1 

16.6 

26.9 

2,153 

2.3 

32.1 

7.7 

13.9 

9.4 

34.6 

56 

1 

2,252 

2.3 

39.3 

10.0 

17.1 

12.7 

18.6 

Total  or 

average 

1,563 

977,276 

2.4 

8.7 

11.3 

23.6 

50.8 

37 


Table  39-Veneer  recovery  by  block  scaling  diameter.  No.  3  San  mill  grade  blocks 


Block 

Number 

Veneer 

Recovery  by 

veneer   grade 

scaling 
diameter 

of 
blocks 

volume, 
3/8-inch 

(inches) 

basis 

A 

A  patch 

B 

B    patch 

C 

D 

Square  feet 

i 

] 

0 

ii 

n 

0 

0 

0 

0 

10 

1 

72 

0 

n 

1.4 

0 

54.2 

44.4 

11 

L5 

i?r. 

1  .2 

5.4 

2.1 

3.2 

47.1 

41.0 

12 

11 

784 

1.9 

.9 

.4 

1  .1 

20.3 

75.4 

!  1 

13 

1,491 

0 

.3 

.  1 

.3 

27.3 

72.0 

14 

24 

2,553 

.5 

.7 

.2 

0 

13.8 

84.8 

15 

li, 

5,359 

.8 

.4 

.3 

.8 

15.5 

82.2 

L6 

33 

5,304 

1.  1 

2.3 

.8 

1.1 

12.5 

82.2 

17 

\: 

8,672 

.1 

.3 

.9 

.2 

13.2 

85.3 

18 

34 

6,986 

1  .') 

.1 

.6 

2.3 

11.8 

84.2 

19 

36 

7,585 

.4 

.8 

.5 

1  .2 

9.0 

88.1 

20 

41 

10,865 

.4 

.  1 

.3 

.7 

13.0 

85.5 

2] 

46 

13,405 

.7 

.5 

.9 

1.5 

16.2 

80.2 

22 

36 

11,435 

.2 

.3 

.3 

1.3 

11.5 

86.4 

23 

35 

13,129 

.  ] 

1.8 

; .  > 

3.3 

14.4 

79.2 

24 

43 

15,923 

.3 

.3 

.8 

1.3 

12.4 

84.9 

25 

11 

13,694 

.2 

1.3 

.8 

3.7 

12.0 

82.0 

26 

37 

18,546 

.5 

1.7 

.9 

2.7 

9.9 

84.3 

27 

34 

15,432 

1.1 

3.2 

2.6 

7.6 

12.3 

73.2 

28 

25 

13,931 

.6 

1.5 

1.4 

5.3 

14.4 

76.8 

'y 

22 

12,305 

.3 

2.2 

.7 

4.4 

9.6 

82.8 

50 

19 

12,623 

1.7 

3.4 

1.6 

9.2 

13.1 

71.0 

n 

26 

16,007 

1.9 

4.3 

3.7 

8.2 

10.8 

71.1 

S2 

16 

9,449 

2.5 

5.5 

1.5 

7.1 

15.1 

68.3 

)3 

20 

13,935 

1.9 

2  .<> 

2  .1 

4.2 

9.7 

79.2 

34 

10 

6,058 

L.2 

6.3 

,4 

2.6 

13.6 

75.9 

J5 

K 

7,359 

1.0 

1.9 

2.7 

10.3 

12.4 

71.7 

36 

HI 

7,522 

3.5 

7.1 

6.8 

7.4 

8.4 

66.8 

37 

HI 

8,405 

1.7 

4.0 

.'..n 

6.0 

22.7 

61.6 

)8 

11 

11,590 

5.1 

8.7 

2.9 

15.2 

14.5 

53.6 

39 

6 

6,556 

3.1 

9.0 

3.4 

11.5 

19.2 

53.8 

40 

12 

12,429 

7.9 

11.7 

7.3 

12.1 

13.0 

48.0 

41 

3 

4,672 

5.3 

15.6 

5.4 

18.7 

9.2 

45.8 

42 

6 

7,765 

4.4 

19.2 

1.8 

16.9 

14.0 

43.7 

43 

3 

2,373 

.3 

12.9 

1.9 

10.5 

17.9 

56.5 

44 

] 

583 

0 

0 

0 

0 

19.6 

80.4 

45 

2 

2,154 

0 

12.6 

0 

15.2 

19.5 

52.7 

46 

2 

1,662 

6.7 

18.8 

19.1 

10.3 

7.6 

37.5 

47 

1 

1,645 

21.8 

32.7 

15.2 

8.0 

12.6 

9.7 

48 

1 

1,201 

7.8 

22.1 

4.5 

14.9 

5.4 

45.3 

49 

] 

1,166 

9.6 

25.1 

.3 

12.2 

10.4 

42.4 

50 

1 

i) 

1,034 

2.7 

25.7 

1.5 

11.2 

1.6 

57.3 

:..'■ 

53 
54 
55 

0 

1 

0 

1 

1) 

1,224 

16.2 

8.3 

2.7 

6.2 

5.4 

57.2 

1,187 

15.5 

16.0 

4.9 

14.3 

45.8 

::i7 

58 

0 

1 

2,277 

0 

3.6 

.7 

5.8 

16.3 

73.6 

Total  or 

average 

7  711 

319,272 

1.9 

4.2 

2.1 

5.8 

13.0 

73.0 

38 


Table  40.-Veneer  recovery  by  Hack  scaling  diameter,  all  blocks 


Block 
scaling 

Number 

of 
blocks 

Veneer 
volume, 
3/8-inch 
basis 

Rec 

overy  by 

veneer  grade 

1  i    ll'H-l  iT 

(inches) 

A 

A  patch 

B 

B  patch 

C 

D 

Square  feet 

Per  • 

9 

1 

i> 

0 

ii 

0 

i) 

0 

0 

10 

1 

72 

0 

II 

1.4 

0 

54.2 

44.4 

1  1 

L5 

925 

1.2 

5.4 

2.1 

1.2 

47.1 

41.0 

12 

43 

3,588 

.6 

.9 

1-.4 

.9 

58.1 

38.1 

13 

S7 

6,700 

.5 

.7 

.8 

1.7 

51.5 

44.8 

14 

87 

11,788 

.6 

!  .  i 

1.5 

1.4 

49.0 

46.2 

L5 

113 

18,976 

.8 

1.2 

.7 

,'.' 

38.4 

56.3 

16 

1  1  I 

22,482 

.5 

1  .5 

.9 

l.'i 

37.1 

57.0 

17 

137 

31,552 

.4 

1.6 

.'< 

i.i. 

28.5 

65.0 

L8 

132 

35,280 

.(i 

1  .  8 

1.1 

;.'• 

33.2 

58.4 

19 

141 

41,222 

.5 

2 . 8 

1.5 

1..11 

33.5 

55.7 

20 

1  )8 

47,061 

.4 

3.7 

1.4 

6.0 

34.6 

53.9 

2  1 

141 

53,239 

.7 

4.2 

1.6 

7.2 

31.4 

54.9 

7  2 

132 

57,472 

1.2 

4.2 

Ml 

7.3 

27.6 

57.7 

23 

129 

60,708 

.6 

5.  1 

2.1 

8.3 

31.4 

52.5 

24 

133 

66,396 

1  .1 

4.8 

1.7 

8.3 

27.6 

56.5 

25 

1  II 

74,084 

1.1 

5.4 

2.0 

12.2 

29.3 

50.1 

26 

111 

66,881 

1.5 

6.2 

1.8 

8.2 

23.5 

58.8 

27 

116 

73,228 

.8 

i.i. 

2.5 

11.5 

25.3 

54.3 

28 

96 

68,198 

1.4 

7.5 

2.3 

11.1 

24.1 

53.6 

29 

Km 

75,995 

1  .5 

7.9 

10.0 

24.3 

53.8 

30 

<>, 

75,842 

2.7 

7  .5 

2.9 

11.0 

23.7 

52.2 

il 

.. 

77,549 

2.2 

•>.' 

4.1 

12.4 

22.6 

49.2 

32 

92 

81,563 

3.1 

10.6 

3.6 

14.4 

23.6 

44.7 

33 

B  1 

80,959 

3.2 

9.0 

i.i, 

15.1 

22.0 

47.1 

34 

75 

76,153 

3.3 

12.1 

4.9 

14.1 

25.2 

40.4 

is 

63 

72,398 

• .  1 

17.4 

4.2 

14.3 

24.0 

35.0 

)(> 

6(1 

71,245 

5.7 

11.9 

5.7 

15.9 

25.3 

35.5 

i; 

12 

66,208 

3.3 

17.6 

4.1 

16.1 

22.5 

36.4 

18 

43 

54,495 

6.8 

13.3 

3.9 

13.6 

28.2 

34.2 

39 

39 

55,631 

5.7 

11.8 

6.6 

15.4 

30.9 

29.6 

40 

64,020 

5.8 

12.6 

7.9 

14.5 

28.8 

30.4 

41 

31 

46,39  3 

7.3 

16.6 

10.1 

16.5 

22.3 

27.2 

42 

34 

52,006 

4.9 

15.7 

7.0 

15.8 

23.0 

33.6 

43 

32 

52,185 

6.5 

19.0 

6.6 

19.9 

25.3 

22.7 

44 

22 

36,278 

3.6 

22.8 

11.5 

18.2 

21.9 

22.0 

45 

15 

25,560 

11.9 

18.4 

8.3 

15.3 

20.5 

25.6 

46 

17 

29,755 

13.0 

17.9 

6.5 

13.5 

17.1 

32.0 

47 

15 

31,455 

8.0 

22.4 

.,.., 

11.9 

19.1 

28.7 

48 

14 

26,888 

8.3 

29.5 

8 . 1 1 

13.0 

22.0 

19.2 

49 

1  '. 

31,313 

10.1 

12.8 

15.7 

27.3 

24.4 

50 

1  1 

27,169 

9.2 

22.4 

11.2 

14.0 

24.4 

18.8 

51 

4 

9,974 

>'  .  • 

8  .  7 

16.6 

17.5 

43.3 

4.0 

52 

3 

8,315 

2.6 

11.6 

13.2 

12.7 

49.5 

10.4 

53 

5 

10,270 

15.9 

8.6 

16.7 

12.6 

31.5 

14.7 

54 

1 

1,659 

7.5 

6.9 

23.0 

13.1 

27.9 

21.6 

55 

I 

5,999 

3.9 

23.4 

3.5 

13.0 

29.0 

27.2 

56 
57 
58 

1 

0 
1 

2,252 

2.3 

39.3 

10.0 

17.1 

12.7 

18.6 

2,277 

0 

3.6 

.7 

5.8 

16.3 

73.6 

59 

1 

1,596 

24.2 

4.5 

9.5 

13.2 

40.2 

R.4 

60 

0 

— 

— 

— 

— 

— 

"- 

— 

Total  or 

average 

3,042 

1,993,254 

3.6 

10.4 

4.4 

12.0 

26.5 

43.1 

39 


Table  41. -Distribution  of  veneer  grade  and  item  by  thickness.  No.  I  Peeler  grade  blocks 


Veneer  grade 

Total, 
all  grades 

Below  grade 
eneer  volume 

Veneer 
item 

A 

A  patch 

B 

B 

patch 

C 

D 

-  -  Square  feet, 

3/8 

Full  sheets: 
1/10-inch 
1/8-inch 
1/5-inch 

5 
25 

22 
6 

11 
6 

29 
46 

22 
15 

11 
2 

28,072 

1,147 

0 

19 
0 

0 

Half  sheets: 
1/10-inch 
1/8-inch 
1/5-inch 

3 

14 

19 
9 

4 
16 

20 

12 

36 

28 

L8 

1 

13,705 

995 

0 

146 
23 
0 

Random  width : 
1/10-inch 
1/8-inch 
1/5-inch 

3 
8 

4 

7 

8 
8 

12 
10 

r>7 
66 

16 

1 

26,633 

1,274 

0 

1,087 
0 
0 

71,826 

1,275 

Table  42.-Distribution  of  veneer  grade  and  item  by  thickness,  No.  2  Peeler  grade  blocks 


Veneer 
item 


Veneer  grade 


A  patch 


B       B  patch 


Total, 
all  grades 


Below  grade 
veneer  volume 


quare  feet,    3/8-inch  basis   -  ■ 


Full  sheets: 
1/10-inch 
1/8-inch 
1/5-inch 


29 

2  7 


7  20 

33  15 


28 


10 

2 


36,776 

1,418 

0 


Half  sheets: 
1/10-inch 
1/8- inch 
1/5-inch 


Random  width : 
1/10-inch 
1/8-inch 
1/5-inch 


7 

L9 

5 

22 

30 

17 

18, 84 8 

2  8 

12 

26 

21 

12 

1 

996 
0 

4 

4 

11 

9 

Ml 

22 

30,179 

12 

8 

9 

7 

VI 

5 

2,806 

— 

— 

— 

— 

— 

— 

0 

127 
6 

0 


448 
3 

i) 


40 


Table  43. -Distribution  oj  veneer  grade  and  item  by  thickness.  No.  3  Peeler  grade  blocks 


Veneer 
item 

Veneer  grade 

Total, 
all  grades 

Below  grade 
veneer  volume 

A 

A  patch 

B 

B  patch 

C 

D 

Percent 


Square  feet,    3/8-inch  basis 


Full  sheets: 
1/10-inch 
1/8-inch 
1/5-inch 


8 

27 

5 

19 

.". 

•• 

18 

!'■ 

37 

17 

III 


181, 664 
17,733 

0 


1,1,1 

i) 


Half   sheets: 
1/10-inch 
1/8-inch 
1/5-inch 


7 
n, 

n 


14 

(I 


5 
14 

ii 


14 
28 

ii 


22 

■ii 


.'K 

5 

7 


96,514 

10,314 

1,062 


3,018 
112 

il 


Random  width : 
1/10-inch 
1/8-inch 
1/5-inch 

Total 


9 

in 


47 

V) 


27 

in 


130,085 
20,335 

0 


5,241 
50 

i) 


9,082 


Table  44. -Distribution  oj  veneer  grade  and  item  by  thickness.  Special  Peeler  grade  blocks 


Veneer 

gr 

.id 

V 

Veneer 
item 

Total, 
all  grades 

Below  grade 
veneer  volume 

A 

A  patch 

B 

B 

patch 

c 

D 

_: ..'.,' 

■._■: 

t 

—  Square 

feet 

,  3/8- 

inch  basis  -  - 

Full  sheets : 
1/10-inch 
1/8-inch 
1/5-inch 

1 

ii 

17 
5 

'■ 
1 

17 
23 

49 

i,l 

1  1 
10 

31,888 
5,378 

il 

146 

0 
0 

Half  sheets: 
1/10-inch 
1/8-inch 
1/5-inch 

2 

7 

ii 

8 

li 
(i 

2 
'. 

11 

17 

31 

0 

48 
41 
LOO 

23 
5 
0 

12,844 
2,211 
1,059 

.'lit, 
0 
0 

Random  width : 
1/10- inch 
1/8-inch 
1/5-inch 

2 
3 

4 
2 

H 

4 

7 
12 

54 
64 
LOO 

25 

15 

18,169 

4,601 

0 

572 

15 

0 

Total 

76,150 

939 

II 


42 


Table  45. -Distribution  oj  veneer  grade  and  item  by  thickness.    No.  J  Sawmill  grade  blocks 


Veneer  grade 


patch 


Total, 
all  grades 


Below  grade 
veneer  volume 


Square  feet,    3/8-inah 


Full  sheets: 
1/10-inch 
1/8- Inch 
1/5-inch 


356,347 

43,662 

0 


5,163 
283 


Half  sheets: 
1/10-inch 
1/8-inch 
1/5-inch 


II 

21 

54 

265,546 

6 

17 

40 

23,152 

0 

79 

21 

20.027 

43,642 

564 

79 


Random  width: 
1/10-inch 
1/8-inch 
1/5-inch 

Total 


39,703 
0 


36,547 
305 


86,58  ; 


Table  46. -Distribution  of  veneer  grade  and  item  by  thickness,  No.  3  Sawmill  grade  blocks 


Veneer 

i  t.  em 


Veneer  grade 


B        E  patch 


Total, 
all  grade 


Below  grade 
veneer  volume 


—   Square  feet,    3/8-inch  basis     - 


Full  sheets: 
1/10-inch 
1/8-inch 
1/5-inch 


68,725 

13,472 

0 


3,184 
486 


Half  sheets: 
1/10-inch 
1/8-inch 
1/5-inch 


107,922 
8,717 
10,565 


67,320 
986 
156 


Random  width : 
1/10-inch 
1/8-inch 
1/5-inch 

Total 


93 

328 

li, 

-.4  ! 

0 

319 

39 

;  in 

816 

0 

112 

.,-.., 

Table  47. -Distribution  <>/  veneer  grade  and  item  by  thickness,  all  blocks  combined 


Veneer  grade 


A  patch 


B  patch 


Total, 
all  grades 


Below  grade 
veneer  volume 


—   Square  feet,    3/8-inch 


Full  sheets: 

1/10-inch 

1/8-inch 

1/5-inch 


703,472 
82,810 


9,173 

769 
0 


Half  sheets: 
1/10-inch 
1/8-inch 
1/5-inch 


50 

515,379 

114,459 

37 

46,385 

1,691 

til 

32,713 

235 

Random  width : 
1/10-inch 
1/8-inch 
1/5-inch 

Total 


527,233 
85,262 

0 

83,633 
1,189 

0 

1,993,254 

211,149 

APPENDIX  C 


SUMMARY  OF  FOREST  SERVICE  LOG  GRADE  SYSTEM  FOR  COAST  DOUGLAS-FIR 

Douglas- fir  Peeler  Log  Grade  Specifications   -  Summary 
(All  grades  must  oe  suitable  for  rotary  cutting) 


No.    1 

No.    2 

No.    3 

Special-' 

Production 

Clear  veneer 

Clear  veneer 

Center  &  cross  core 

Same  as  No.  3 

Surface  clear 
requirement 

100  percent 

75  percent 

None 

None 

Knots 

None 

None 

Limit-size  1-1/2" 
(two  per  8'  block) 

Smaller-five  per 
8'  block 

Same  as  No.  3 

Indications 
(knot) 

None 

Not  over  25 
percent  of 
surface 

Number-no  limit 
Size-none  over 

1-1/2" 

Same  as  No.  3 

Diameter  minimum 

30" 

30" 

24" 

]P," 

Maximum  slope  of 
grain2/ 

1 "  per  foot, 

30-35" 
1-1/2"  per  foot, 

36-50" 
2"  per  foot, 

51-60" 
2-1/2"  per  foot, 

61"+ 

3"  per  foot, 
all  logs 

3"  per  foot, 

24-35" 
4"  per  foot, 

36"  and  over 

3"  per  foot, 
all  logs 

Grade  defects: 
Firm  s ta i n 

Limited 

Limited 

Permitted, 
no  1 imi  t 

Permi  tted, 
no  limit 

Deductible  defects 
Pitch  rings 

Not  permitted 

Limited 

Limited 

Limi  ted 

Butt  rot 

Permitted  in  32'  logs  in  all  grades 
for  rotary  cutting. 

if  one  8 '  block  only  is 

unsui  table 

White  pocket 
(conk) 

Not  permitted 

Not  permitted 

Permitted  if 
not  over  50  per- 
cent of  gross 

Same  as  No.  3 

Cat  faces, 
scars-shallow 

Permitted 

Permitted 

Permi  tted 

Permitted 

Cat  faces,  deep 

(over  one-half 

log  length) 

Not  permitted 

Not  permitted 

Not  permitted 

Not  permitted 

Grub  wormholes 

Up  to  10  percent 
surface 

Up  to  10  percent 
surface 

Up  to  25  percent 
surface 

Up  to  25  percent 
surface 

Pin  wormholes 

Not  permitted 

Not  permitted 

Permitted  if 
wood  is  sound 

Permitted  if 
wood  is  sound 

Knot  clusters 
and  burls 

One  permitted 
per  16'  log 

One  permi  tted 
per  16'  log 

One  permitted 
per  16'  log 

One  permitted 
per  16'  log 

Sweep 

Limited 

Limited 

Permitted 

Permi  tted 

Crook 

Limited 

Limited 

Limited 

Limi  ted 

Usual  age-years 

350+1 

300+ 

100+ 

100+ 

Usual  position 
in  tree 

1st  32'  log 

1st  &  2d  32' 
logs 

Old  growth: 

3d  &  4th  32'  logs 
Red  fir:  1st  & 

2d  32'  logs 
2d  gr.  1st  32'  log 

Red  fir: 
1st,  2d,  &  3d 

32'  logs 
2d  gr.  1st  32' 

log 

-  Logs  meeting  this  specification  are  graded  No.  2  Sawmill  in  the  California  Region. 

2/ 

-  Slope  of  grain  not  considered  in  California  Region. 


i:; 


Douglas-fir  Sawmill  Log  Grade  Specifications   -  Summary 
,3/ 


Production 


No.    1- 
C  &  Btr.  Ibr. 


Surface  clear  requirement   100  percent 


Knots  permitted 


Indications  (knot) 


Diameter  limit 


Maximum  slope  of  grain 


2/ 


Grade  defect  permitted: 
Firm  stain 


Deductible  defects: 
White  pocket  (conk) 


Other 

Usual  age  -  years 
Usual  position  in  tree 


None 


No.   2 

1 .  Constr.  or  Btr. 

2.  Shop  or  Btr. 

None 

1 .  Mostly  live 
Mostly  2-1/2"  &  less 

2.  Larger  permitted 
but  1 imited. 


No.    3 
Standard  or  Btr. 

None 

No  limit 


one 

Number-no  limit 
Size  -  2-1/2" 

No  1 imit 

0" 

12" 

6" 

"  per  foot, 
30-35" 

2-1/2"  per  foot. 
12-20" 

None 

1-1/2"  per  foot,  3"  per  foot, 
36-50"  21-35" 


2"  per  foot, 
51-60" 


4"  per  foot, 
36-50" 


2-1/2"  per  foot,  5"  per  foot, 
61"  and  over     51"  and  over 


Limited 


Limited 


Permitted 


Permitted 


Permitted  -  no 
limit 


Permitted  if  not  over 
66-2/3%  of  gross 


Any  permitted  provided  the  free  portion  meets  the  lumber 
production  requirement  and  the  log  is  33-1/3%  sound 


350+ 

1st  16'  log, 
sometimes  2d 


Any 
Any 


Any 

Top  log  or  under  12" 


3/ 

—  Few  logs  meet  this  grade  specification;  therefore,  it  is  not  used  by  the 

California  Region  nor  by  the  Bureau  of  Land  Management. 
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The  mission  of  the  PACIFIC  NORTHWEST  FOREST 
AND  RANGE  EXPERIMENT  STATION  is  to  provide  the 
knowledge,  technology,  and  alternatives  for  present  and 
future  protection,  management,  and  use  of  forest,  range,  and 
related  environments. 

Within  this  overall  mission,  the  Station  conducts  and 
stimulates  research  to  facilitate  and  to  accelerate  progress 
toward  the  following  goals: 

1.  Providing  safe  and  efficient  technology  for  inventory, 
protection,  and  use  of  resources. 

2.  Development  and  evaluation  of  alternative  methods 
and  levels  of  resource  management. 

3.  Achievement  of  optimum  sustained  resource  produc- 
tivity consistent  with  maintaining  a  high  quality  forest 
environment. 

The  area  of  research  encompasses  Oregon,  Washington, 
Alaska,  and,  in  some  cases,  California,  Hawaii,  the  Western 
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ABSTRACT 

Logging  in  the  Douglas-fir  forest  has  only  minor 
effect  on  major  peak  streamflows  which  occur  when 
soils  are  thoroughly  wet.      Exceptions  are  the  early 
fall  storms  following  the  dry  summers  characteristic 
of  the  west  coast  climate.      At  this  time,    peak  stream- 
flow  from  unlogged  areas  may  be  less  than  in  the 
harvested  area  because  the  soil  in  the  unlogged  area 
is  drier  and  has  greater  moisture  storage  capacity 
than  in  the  harvested  area.      These  early  fall  storms 
rarely  result  in  major  peak  streamflows. 
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The  highly  productive  Douglas-fir 
region  of  Oregon  and  Washington  lies  to 
the  west  of  the  crest  of  the  Cascades. 
Precipitation  in  this  region  ranges  from 
about  35  inches  to  well  over  100  inches 
annually,  most  of  which  comes  during  the 
winter  months.     Rainfall  during  the  wet 
season  fills  the  soil  reservoir  with  the 
water  needed  to  meet  the  demands  of 
dense  stands  of  rapidly  growing  trees. 
It  is  not  unusual  for  precipitation  to  exceed 
the  storage  capacity  of  this  soil  reservoir 
which  leads  in  turn  to  flooding  of  streams 
and  rivers.     Flooding  may  be  serious 
locally  or  in  rare  cases  may  cause  ex- 
treme damage  over  large  areas.     During 
or  after  each  of  these  floods,   accusations 
are  freely  voiced  that  the  peak  streamflow 
from  the  storm  and  resulting  damage  to 
downstream  structures  were  made  worse 
by  logging  in  the  Douglas-fir  forests.     But 
is  this  really  true?    Evidence  is  generally 
meager,  but  some  field-scale  studies  are 
increasing  our  knowledge  of  forest-flood 
relations. 

In  a  detailed  analysis  of  an  experi- 
ment at  the  Coweeta  Hydrologic  Laboratory 
in  North  Carolina,   Hewlett  and  Helvey 
(1970)  show  the  effect  of  clear  felling 
(with  felled  trees  left  in  place)  on  the 
production  of   floodwaters.     The  noncom- 
mercial   nature  of  the  Coweeta  experiment 
allowed  these  authors  to  make  a  clear 
distinction  between  the  effects  of  clear- 
cutting  alone  and  the  additional  effects  of 
roads  and  logging  on  stormflow  volumes 
and  peaks.     Although  the  main  peak  flows 
increased  slightly,  the  evidence  that  clear 
felling  resulted  in  an  increase  in  record 
peak  flows  was  not  conclusive.      The 
authors,  however,  point  out  that  there 
was  a  significant  increase  in  total  volume 
throughout  the  stormflow  period  and 
speculate  that  such  increases  could, 
under  some  circumstances,    contribute 
significantly  to  downstream  flooding. 


In  the  Pacific  Northwest,  Gilleran,— 
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Harper,—'    and  lis i eh,  —'    analyzing  data 
from  the  Alsea  watersheds  in  the  Douglas- 
fir  forests  of  the  Oregon  Coast  Ranges, 
found  significant  changes  in  some  factors 
controlling  maximum  streamflow  from 
small-  to  moderate- sized  storms.      In 
general,  they  found  that  roads  which 
altered  3  to  4  percent  of  the  drainage  area 
had  little  influence  on  peak  streamflow. 
When  over  12  percent  of  the  drainage 
area  was  in  roads,  there  was  a  significant 
increase  in  peak  flows  which  was  further 
increased  when  75  percent  of  the  land 
surface  in  the  drainage  was  logged.     Clear- 
cut  drainages  also  showed  marked  increases 
in  peak  flows— some  as  much  as  one-third 
in  the  winter  months.     Largest  changes  in 
peak  streamflow  were  on  the  smallest 
subwatersheds.     The  main  drainage  showed 
less  change  in  peak  flows. 

These  two  studies  present  statisti- 
cally sound  conclusions  of  the  average 
change  over  a  wide  range  of  peak  flows 
from  several  years  of  record.     However, 
when  we  are  concerned  with  damages  from 
high  streamflow,  we  must  look  most 
closely,  not  at  the  average  condition,  but 
at  the  largest  streamflow  events  which 
occur  only  infrequently.     Such  streamflow 
periods  are  sufficiently  rare  within  the 
span  of  time  between  logging  and  reestab- 
lishment  of  the  forest  that  they  must  be 
examined  individually  and,  therefore,   are 
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51  p.,    1968. 

2/  Warren  Charles  Harper.  Changes  in  storm 
hydrograph  due  to  clearcut  logging.  M.  S.  thesis  on 
file  at  Oreg.  State  Univ.,  Corvallis,   116  p.,   1969. 
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not  readily  subject  to  statistical  analysis. 
In  their  study,   Hewlett  and  Helvey  (1970) 
found  that  of  two  record  high  peak  flows, 
one  was  higher  after  clearcutting  than 
would  be  expected;  the  other  lower.    Our 
study  shows  considerable  evidence  that 
clearcutting  does  not  necessarily  increase 
major  peak  flows. 

In  discussing  the  effect  of  logging  on 
peak  flows,   I  find  it  necessary  to  make 
some  assumptions.     My  first  assumption 
is  that  logging- -including  clearcutting- - 
has  no  significant  influence  on  either  total 
precipitation  or  on  the  intensity  with  which 
it  falls.     This  has  been  fairly  well  accepted 
over  the  years. 

The  second  assumption  is  that  the  hy- 
drologic  properties  of  forest  soils  are  not 
greatly  changed  by  timber  harvest.    Logging 
activities  may  alter  soil  characteristics 
to  some  extent;  but  we  are  reasonably  sure 
that  in  the  Pacific  Northwest,   infiltration 
rates  on  most  of  a  logged  area  are  rarely 
reduced  below  precipitation  rates. 

In  western  Oregon,  Dyrness  (1969) 
reported  rapid  percolation  rates  for  sur- 
face horizons  due  to  the  porous  and  highly 
aggregated  nature  of  the  soil.      Surface 
runoff  (overland  flow),  seldom,  if  ever, 
occurs  over  extensive  areas  of  forest  land. 
Dyrness  (1965,    1967)  estimated  that  about 
4  to  20  percent  of  a  cable-yarded  clearcut 
was  deeply  disturbed  or  compacted  to  some 
extent.     In  tractor-logged  areas,  over 
one-third  of  the  area  may  be  compacted 
or  deeply  disturbed.     With  the  exception 
of  the  tractor  skidroads,  these  areas  are 
generally  discontinuous,  and  do  not  neces- 
sarily have  surface  infiltration  rates 
sufficiently  reduced  to  cause  other  than 
local  surface  runoff.     Truck  and  skidroads, 
landings,  gravel  pits,  and  other  severely 
disturbed  areas   are  exceptions;  but 
surface  runoff  that  does  occur  usually 
flows  to  other  areas  where  the  infiltration 
capacity  is  sufficient  to  handle  it. 


Slash  burning  may  alter  soil  prop- 
erties where  the  intensity  of  the  burn  is 
high;  but  in  most  slash  burns,   severely 
burned  areas  represent  only  a  small  por- 
tion of  the  total  area.     Tarrant  (1956)  found 
that  although  severe  slash  burning  lowered 
the  rate  of  water  movement  into  some  soils, 
the  area  severely  burned  was  so  small  that 
the  overall  effect  on  soil  moisture  prop- 
erties and  water  flow  was  minor. 

Conditions  favorable  for  infiltration 
are  maintained  where  continuous  forest 
production  is  practiced  such  that  soon 
after  logging  a  new  cover  of  vegetation 
appears  which  in  a  short  time  is  dominated 
by  forest  trees.     Clearcutting  the  forests 
to  convert  to  another  cover  or  use  or 
measures  to  prevent  revegetation  do  not  fit 
the  above  conditions.     In  the  great  majority 
of  cases,  both  private  and  government 
forests  are  managed  for  continuous  forest 
production. 

Under  these  conditions,  in  which  the 
major  portion  of  the  forest  soil  remains 
hydrologically  active,  peak  streamflow 
should  be  a  function  primarily  of  precipi- 
tation characteristics,  stream  channel 
geometry,   and  antecedent  moisture  condi- 
tions.   If  this  is  the  case,  forest  cover 
should  play  a  relatively  minor  role  in 
determining  the  peak  rate  of  streamflow 
during  our  major  storms  when  rainfall  is 
high  and  soils  are  near  saturation  during 
the  midwinter  rainy  season.     Other  cri- 
teria of  storm  runoff  characteristics  such 
as  mean  peak  flow,  time  to  rise,  total 
volume  of  stormflow,  and  frequency  of 
stormflows  of  a  given  size  have  been  used 
to  demonstrate  that  forest  cutting  changes 
the  storm  hydrograph.     However,  when 
flood  damage  to  drainage  structures  or  other 
improvements  are  considered,  the  maximum 
peak  is  most  important.     In  this  study, 
therefore,  we  have  considered  only  the 
effect  of  logging  on  maximum  instantaneous 
flows  from  major  storms. 


THE  STUDY  AND  ANALYSIS 


The  data  on  which  this  report  is  based 
came  from  experimental  watersheds  on  the 
U.S.   Forest  Service's  H.  J.  Andrews  Ex- 
perimental Forest,  an  area  typical  of  much 
of  the  west  slopes  of  the  central  Cascade 
Range.    The  results  should  be  generally 
applicable  to  forested  areas  in  the  Pacific 
Northwest  west  of  the  Cascade  crest  and 
other  areas  where  the  soils  are  relatively 
deep  and  porous  and  where  precipitation 
associated  with  major  storms  occurs 
primarily  from  warm,  moist,  stable  air- 
masses  which  produce  large  quantities  of 
precipitation  at  low  intensities.     The 
results  would  not  necessarily  apply  to 
areas  where  precipitation  is  frequently 
of  high  intensity  nor  to  those  drainages 
that  have  a  maximum  peak  from  snowmelt 
in  the  spring.     The  latter  is  highly  variable 
depending  on  accumulated  snow  and  season 
of  melt. 

Characteristics  of  the  watersheds 
on  the  H.   J.  Andrews  Experimental  Forest 
are  described  in  an  earlier  publication 
(Rothacher  et  al.   1967).     Briefly,  these 
watersheds  are  150  to  250  acres  in  size 
and  originally  supported  a  dense  stand  of 
old-growth  Douglas-fir  on  steep,  northwest- 
facing  topography.     They  receive  over  90 
inches  of  precipitation  annually.     Most  of 
the  precipitation  comes  as  rain  during  the 
months  of  October  through  April.     Inten- 
sity is  generally  light;  but  long-duration, 
steady  rains  may  total  5  to  6  inches  or 
more  in  a  day  and  over  30  inches  a  month. 
Most  of  the  watersheds'  area  is  below 
3,  000  feet,  and  temperatures  are  mild. 
Usually  a  snowpack  will  form  after  the 
first  of  the  year  at  elevations  above  3,500 
feet:  but  below  this,  snow  typically  comes 
and  goes  during  the  winter  months  depend- 
ing on  frontal  weather  activity.    Although 
rain  alone  can  produce  excessively  high 
streamflow,  most  major  floods  occur  as 
a  rain-on-snow  event  associated  with  an 
extremely  wet  soil  mantle  (fig.   1). 


The  major  portion  of  our  analysis 
is  based  on  streamflow  peaks  greater 
than  10  cubic  feet  per  second  per  square 
mile  (c.  s.  m. )  that  were  recorded  from 
1957  to  1969  on  two  experimental  water- 
sheds.   The  unlogged  watershed  is  150 
acres  in  size;  the  clearcut  watershed, 
237  acres.     During  water  years  (October 
1  -  September  30)  of  1957  through  1962, 
both  watersheds  were  unlogged.     The 
relationship  between  peak  streamflow 
measured  on  the  two  watersheds  during 
each  storm  serves  as  the  standard  against 
which  postlogging  peak  flows  are  measured. 
During  the  1963-64  years,  logging  on  the 
clearcut  watershed  was  in  progress. 
Logging  was  by  skyline  crane  and  without 
roads,  a  yarding  system  which  resulted 
in  little  soil  disturbance.     Data  from  this 


i\.  ■ 


Figure  1 .--Peak   streamflow  from  small 
experimental   watershed  at   H.    J. 
Andrews   Experimental   Forest. 


period  of  rapid  change  were  omitted  from 
the  analysis.     By  the  beginning  of  the  1965 
water  year,  trees  had  been  felled  on  over 
80  percent  of  the  drainage  and  logs  had 
been  yarded  from  70  percent.     Logging- 
was  completed  during  the  summer  of  1966, 
and  the  entire  drainage  was  broadcast 
burned  in  October  of  1966  (fig.  2).    Reestab- 
lishment  of  vegetative  cover  was  rapid 
after  burning,  although  there  has  been 
almost  no  accumulation  of  litter, and  bare 
soil  has  remained  near  50  percent  (table  1). 

To  obtain  sufficient  data  on  larger 
storms  after  logging,  it  was  necessary  to 
extend  analysis  over  the  1965-69  water 
years  even  though  logging  was  not  com- 
pleted until  the  summer  of  1966.      These 
years  include  a  rather  wide  range  of  con- 
ditions changing  from  20-percent  old-growth 


Figure    2. — Clearcut  and  logged  watershed 
on   H.    J.    Andrews   Experimental   Forest 
the  first   year   after  burning. 


Table  ~\  .--Total  understory  vegetation  cover  and  exposed  mineral 
soil  after  clearoutting  of  timber  and  after  burning 
of  logging  residue  on  clearcut  watershed 


Year 


Condition 


Vegetation 

1/ 
cover- 


Bare 
ground— 


-Percent- 


1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 


Undisturbed 
Being  harvested 
Being  harvested 
Being  harvested 
After  logging 
After  burning 
Revegetating 
Revegetating 


86 


54 
30 
76 
75 


12 

53 
54 
48 


Source:      Dyrness   1965,   1967,   and  unpublished  data. 

—  Sum  of  crown  canopy  coverage  in  the  understory  is   the  total 
of  all    layers.     For  comparison  with  postlogging  measurements,   the 
1962  data  do  not  include  overstory  tree  cover. 

2/ 

—  Bare  ground  may  occur  under  vegetative  cover.  Thus,  vegetative 

cover  plus  bare  ground  can  add  to  greater  than  100  percent. 


cover  to  completely  logged  and  freshly 
burned,  then  to  a  partial  cover  of  herba- 
ceous and  low  shrubby    vegetation  cover. 
These  conditions  are,  however,   in  sharp 
contrast  to  an  old- growth  forest.     The 
transition  is  that  which  usually  takes  place 
during  conversion  from  old-growth  to 
second-growth  Douglas-fir  stands,  i.e., 
the  land  does  not  remain  devoid  of  vegeta- 
tion for  any  appreciable  length  of  time. 

Peak  flows  for  the  1965-69  water 
years  were  compared  with  predicted  flows 
based  on  the  1957-62  calibration  period 
using  standard  linear  regression  techniques. 
In  an  attempt  to  better  explain  the  devia- 
tions of  postlogging  peak  flows  from  the 
prelogged  relation,  a  stepwise  regression 
was  performed  on  the  posttreatment  data 
to  test  the  following  series  of  factors 
related  to  precipitation  patterns  and 
indirectly  to  antecedent  moisture  conditions: 

Precipitation: 

1.  Total  for  day  of  peak  streamflow. 

2.  Maximum  6-hour  intensity 
preceding  peak. 

3.  7-day  total  preceding  peak. 

4.  14-day  total  preceding  peak. 

5.  30-day  total  preceding  peak. 

6.  Day  number  (representing  time 
since  fall  rains  began). 

There  are,  of  course,  other  factors 
that  we  know  influence  peak  flows  such 
as  soil  properties,  snow  cover,  and 
channel  geometry.     For  the  study  area, 
soil  properties  influencing  streamflow 
did  not  change  greatly.     Snow  and  soil 
wetness  are  indirectly  represented  in 
the  precipitation  factors. 


RESULTS 

A  highly  significant  linear  regression, 
(.  01  level,  r2  =  .  95),  relating  the  two  water- 
sheds, was  calculated  for  all  peak  stream- 
flow  periods  for  the  years  1957-62  when 
both  were  unlogged.     Although  the  indi- 
vidual points  are  omitted,  the  relationship 
is  illustrated  by  the  solid  line  in  figure  3 
(the  line  of  best  fit  of  the  points),  and  the 
dashed  95-percent  confidence  lines  on  each 
side  of  the  regression  line.     This  is  the 
standard  against  which  changes  are 
measured. 

Also  in  figure  3,   all  peak  flows 
during  the  postlogging  period  1965-69 
and  exceeding  10  c.  s.  m.  on  the  unlogged 
watershed  were  plotted  over  the  com- 
parable peaks  on  the  logged  watershed. 
The  circled  points  are  the  first  fall  storms 
and  will  be  discussed  later.     Many  of  the 
peak  flows  are  well  within  the  95-percent 
band  surrounding  the  prelogging  regression 
line,  suggesting  that  they  do  not  deviate 
materially  from  the  peak  streamflows 
we  would  have  predicted  from  prelogging 
relations.     The  great  majority  of  the 
peaks  that  were  greater  than  we  would 
have  predicted  are  from  relatively  small 
storms  which  produced  peak  flows  less 
than  the  postlogging  period  mean  of  29.  9 
c.  s.  m.  on  the  unlogged  watershed.     Flow 
during  a  few  of  the  larger  storms  also  is 
appreciably  higher  than  would  have  been 
expected  if  timber  had  not  been  harvested. 

AVERAGE  PEAK  STREAMFLOW 
INCREASED 

The  regression  for  all  storms  over 
10  c.  s.m.  during  the  postlogging  periods 
is  also  shown  in  figure  3.     This  relation- 
ship was  highly  significant  although  the 
lower  correlation  coefficient  (r    =  .75) 
indicates  greater  postlogging  variation. 
A  covariance  analysis,  designed  to  test 
the  difference  between  the  two  regressions, 
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Figure    3. --Peak   streamflow   relations   of   two   experimental 
watersheds   on   the  H.    J.    Andrews  Experimental    Forest 
before   logging  and  after  clearcutting.      Before-logging 
data  points  not  shown. 


shows  that  the  slopes  are  significantly 
different  (.05-level),   indicating  that  log- 
ging has  caused  a  general  change  in  peak 
streamflow.     The  slopes  of  regressions, 
however,   indicate  that  extremely  high 
peak  flows  may  be  no  greater  after  logging 
than  would  have  been  expected  before 
logging.     Unfortunately,  data  for  major 
storms  which  occur  during  the  period  of 
minimum  vegetation  cover  after  logging 
are  rare  and  the  postlogging  regression 
is  strongly  influenced  by  the  single  high 
point  which  represents  the  major  regional 
storm  of  December  1964. 

Hydrologists  have  traditionally  used 
regression  analyses  to  predict  response 
of  one  watershed  that  is  to  be  treated 
from  another  control  watershed.    At  the 
average  peak  flow  (30  c.  s.  m. )  of  the 
control  watershed  for  the  1965-69  period, 
we  would  predict  a  flow  of  37  c.  s.  m.  for 
the  logged  watershed  if  it  had  remained 
unlogged  and  46  c.  s.  m.   if  it  were  logged. 
The  magnitude  of  this  increase  agrees 
roughly  with  those  reported  in  the  Alsea 
study  in  the  Oregon  Coast  Ranges   (see 
footnotes  2  and  3)   and  with  Hewlett  and 
Helvey's  results  from  clear  felling  without 
logging  in  the  southern  Appalachians. 

PEAKS  FROM  FERST  FALL 
STORMS  INCREASED 

Particularly  significant  are  those 
streamflow  peaks  that  are  circled  on 
figure  3.     These  resulted  from  the  first 
large  storms  of  the  rainy  season  following 
the  characteristically  long,  dry  summers. 
We  find  that  these  streamflow  peaks  are 
from  40  to  over  200  percent  higher  than 
we  would  have  predicted  from  the  prelogging 
relationship.     Since  similar  size  peaks 
measured  later  in  the  winter  season 
(uncircled  dots)  show  less  deviation  from 
predicted  flows,  it  appears  that  at  least 
part  of  the  explanation  could  be  related  to 
antecedent  moisture  condition. 


In  another  study  nearby,  at  the  end 
of  the  dry  summer  we  have  measured 
over  6  inches  more  water  stored  in  the 
soil  in  logged  areas  than  in  adjacent 
timbered  areas.     Decreased  evapotran- 
spiration  from  the  clearcut  area  results 
in  less  moisture  storage  capacity.     This, 
in  turn,  results  in  greater  streamflow 
from  the  clearcut  during  the  first  fall 
storms.     In  forested  areas,  more  of  this 
precipitation  can  be  stored  in  the  drier 
soils.    To  some  lesser  degree,  this 
difference  in  soils  can  influence  peak 
flows  during  other  periods  of  the  year, 
especially  following  extended  periods  of 
no  precipitation  and  during  early  spring 
when  transpiration  is  again  more  active. 
In  midwinter,  after  soils  are  thoroughly 
and  approximately  equally  wet,  there 
appears  to  be  little  difference  in  peak 
flows  of  major  storms  between  logged 
and  unlogged  areas. 

ANTECEDENT  PRECIPITATION 
INFLUENCES  PEAK 
STREAMFLOW 

Stepwise  regressions  relating  peaks 
to  antecedent  precipitation  were  calculated 
for  both  watersheds  for  the  period  before 
logging  (1957-62)  and  for  the  period  after 
logging  was  essentially  completed  (1965-69). 

Before  logging  on  the  logged  water- 
shed, precipitation  the  day  of  the  peak 
flow  was  by  far  the  most  influential  factor, 
accounting  for  59  percent  of  the  variation 
in  size  of  peak,   i.  e.  ,  Tc  =  .  59;  the  30-day 
antecedent  precipitation    accounted  for 
another  8  percent;  the  day  number  of  the 
streamflow  peak  and  the  6-hour  intensity, 
another  2  percent  each.     Total  variation 
explained  by  the  four  factors  was  71 
percent. 

After  logging,  precipitation  on  the 
day  of  peak  streamflow  was  again  the 
most  influential  factor  related  to  peak 


flow,   accounting  for  56  percent  of  the 
variation;  6-hour  intensity  accounted  for 
another  6  percent;  30-day  antecedent  pre- 
cipitation, an  additional  4  percent;  and 
day  number  of  the  streamflow  peak,  2 
percent.     Total  variation  accounted  for 
was  68  percent.     The  30-day  antecedent 
precipitation  factor  as  an  indicator  of 
soil  wetness  might  well  be  less  variable 
after  logging,  as  we  have  indicated  that 
soils  in  clearcut  areas  tend  to  dry  out  less 
than  those  under  a  complete  forest  cover. 
Similarly,  after  logging,  we  might  expect 
streamflow  to  be  more  responsive  to 
6-hour  intensity  because  more  precipita- 
tion reaches  the  soil  surface  directly 
without  first  being  intercepted  by  tree 
crowns. 


30-Day   Antecedent   Precipitation 

Since  the  presence  or  absence  of 
a  forest  cover  could  influence  soil  wetness 
through  evapotranspiration  processes  but 
have  little  or  no  influence  on  either  total 
precipitation  the  day  of  the  storm  or  6-hour 
precipitation  intensity,  we  next  examined 
the  30-day  antecedent  precipitation  (an 
indicator  of  soil  wetness)  in  relation  to 
peak  flow  for  the  periods  before  and  after 
logging  for  both  the  logged  and  unlogged 
watersheds  (fig.  4). 

For  the  unlogged  watershed,  the 
regressions  of  peak  flow  to  30-day  pre- 
cipitation for  both  the  period  before  (line  1) 
and  the  period  after  (line  3)  logging 
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Figure    4. --Influence  of   30-day   antecedent   precipitation 
on   peak   flows    for  logged  and   unlogged  watersheds . 


were  highly  significant.     In  a  covariance 
analysis,   slope  of  the  regressions  and  the 
adjusted  mean  were  nonsignificant  (lines 
1  and  3),   indicating  no  difference  between 
the  two  periods.      We  would  expect  this, 
since  there  was  no  change  in  cover  on  this 
watershed  throughout  the  entire  study. 

For  the  logged  watershed,  the  rela- 
tionship shown  in  figure  4  was  significant 
before  logging  (line  2)  but  nonsignificant 
after  logging  (line  4).    As  for  the  unlogged 
watershed,  the  slopes  of  the  regressions 
were  not  significantly  different,  but  the 
adjusted  means  were  highly  significantly 
different  for  the  two  periods  (lines  2  and  4). 
This  would  suggest  that  logging  increases 
the  average  peak  flows,   although  any  in- 
fluence the  30-day  antecedent  precipitation 


has  on  streamflow  is  weak  in  the  post- 
logging  period.     In  figure  4,  note  that  there 
appears  to  be  a  convergence  of  the  before 
and  after  logging  curves  (lines  2  and  4)  for 
the  clearcut  watershed  at  high  30-day  pre- 
cipitation totals.     This  is  even  more  pro- 
nounced for  the  unlogged  and  clearcut 
watersheds  for  the  1965-69  period  (lines 
3  and  4).     Data  from  our  brief  period  of 
record  show  30-day  antecedent  precipita- 
tion exceeded  37  inches.     At  this  point, 
there  is  very  little  difference  between  the 
regressions,  suggesting  that  logging  may 
have  relatively  little  influence  on  peak 
streamflow  under  excessively  wet  conditions. 

The  influence  of  the  30-day  antece- 
dent precipitation  is  illustrated  in  another 
form  in  figure  5,  which  shows  how  measured 
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Figure  5 . --Measured  peak  streamflow  as   a   percent   of 
predicted  peak   at   various   degrees   of  wetness   as   ex- 
pressed by   30-day   antecedent  precipitation . 


peak  streamflow  in  the  logged  watershed 
varied  as  a  percent  of  the  predicted  peaks 
at  various  degrees  of  wetness,  as  measured 
by  30-day  antecedent  precipitation.     Peak 
flow  from  logged  and  unlogged  watersheds 
are  essentially  the  same  at  high  antecedent 
precipitation.     There  is  no  reason  to  ex- 
pect that  logging  would  decrease  peak 
streamflow,   although  the  curve  shows  this. 
This  figure  illustrates  the  high  degree  of 
scatter  associated  with  attempting  to  ex- 
plain a  complex  relationship  by  only  one 
factor.     The  one  factor  of  wetness  explains 
about  51  percent  of  the  variation  in  peak 
streamflow  (r    =  .  51). 

ABOVE  AVERAGE 
STREAMFLOW  PEAKS 
LITTLE  CHANGED 

The  maximum  storm  of  record  is  the 
highest  peak  on  figure  3.     Measured  flow 
was  actually  less  than  we  would  have  pre- 
dicted from  prelogging  relationships, 
although  this  is  probably  due  to  variation 
in  timing  of  snowmelt.     All  but  four  of  the 
15  peak  flows  greater  than  the  postlogging 
mean  are  within  8  c.  s.m.  of  the  level  we 
would  have  predicted  from  the  before-logging 
relationship--some  larger,  some  smaller. 
Two  of  the  exceptions  were  the  first  fall 
storms  in  1965  and  1969  and  could  be 
largely  attributed  to  greater  runoff  from 
wetter  soils  in  the  clearcut.     The  other 
two  exceptions  involved  rain-on-snow 
events. 

Although  the  evidence  is  incomplete, 
it  seems  reasonable  from    this  and  other 
studies  to  imply  that  although  clearcut 
logging  of  an  entire  watershed  with  deep 
porous  soils   increases  peak  streamflow 
under  relatively  dry  conditions,    even 
this  extreme  change  in  cover  has  little 
influence  on  peaks  when  excessively  wet 
conditions  occur. 


INCREASED  PEAKS  DO  NOT 
REACH  EXCESSIVE  LEVELS 

Recognizing  that  some  peak  flows 
are  increased  as  a  result  of  clearcut 
logging,  we  are  faced  with  the  question 
whether  the  increased  peaks  reach  exces- 
sive levels. 

In  17  years  of  study  of  the  logged 
watershed,  I  have  recorded  12  peak  flows 
greater  than  100  c.s.m.      (Peak  stream- 
flow  of  100  c.  s.  m.   is  sufficiently  high  to 
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Peak  flow 

(c.  s.  m. ) 

1953 

111  Estimated 

1954 

113 

1957 

138 

1958 

139 

1962 

115 

1964 

105  watershed  55  percent  logged 

1965 

112  watershed  70  percent  logged 

165 

138 

1966 

109  watershed  90  percent  logged 

1969 

117  watershed  100  percent 

logged  and  burned 

1969 

108 

Of  the  postlogging  peak  flows  that 
were  higher  than  predicted  (fig.  3),  three 
were  greater  than  100  c.s.m.     The  largest, 
117  c.  s.  m. ,  was  considerably  less  than 
several  prelogging  peaks.     Two  other  peaks 
associated  with  the  major  regional  floods 
of  1964-65  were  much  higher,  but  were 
less  than  predicted.     Only  one  is  shown  on 
figure  3,   as  records  for  the  other  were 
estimated  for  the  unlogged  watershed.     One 
other  peak  of  108  c.s.m.  was  approxi- 
mately the  height  predicted. 

Although  some  postlogging  peaks 
were  increased  to  relatively  high  levels, 
none  of  those  that  were  larger  than  pre- 
dicted have  exceeded  previous  high 
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streamflow  peaks.     Major  floods  typically 
occur  from  mid- November  on.     Two  of 
the  postlogging  peaks  over  100  c.  s.m. 
occurred  early  in  the  wet  season  at  a  time 
when  major  floods  are  unlikely.     Later 
major  storms  that  occur  under  thoroughly 
wet  soil  conditions  would  be  expected  to 
produce  streamflow  peaks  little  changed 
by  logging. 

PATCHCUT  LOGGING  HAS 
MINOR  INFLUENCE  ON 
STREAMFLOW  PEAKS 

Under  current  patchcutting  practices, 
only  about  1  to  2  percent  of  large  drainages 
are  cut  at  any  one  time.     On  smaller  drain- 
ages of  several  hundred  acres,  approxi- 
mately one-quarter  of  the  area  might 


normally  be  clearcut  within  a  few  years. 
In  our  study,   an  adjacent  250-acre  water- 
shed with  1.  65  miles  of  logging  road 
(8  percent  of  drainage  disturbed)  and 
25-percent  clearcut  showed  minor  in- 
creases similar  to  the  clearcut  and  logged 
watersheds  we  have  been  discussing.    The 
regression  relationships  of  the  unlogged 
and  patchcut  logged  watersheds  were 
calculated  for  the  period  before  logging 
(fig.  6,  line  1),   after  road  construction 
(line  2),   and  after  roads,  logging,  and 
burning  (three  clearcut  units,  25  percent 
of  area)  (line  3).    All  these  regressions 
were  highly  significant. 

Comparing  the  period  after  road 
construction  (fig.  6,  line  2)  with  the 
period  when  both  watersheds  were 
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Figure  6. — Peak   streamflow  relations   of  patchcut   and 
unlogged  watersheds   on    the   H.    J.    Andrews   Experimental 
Forest  before   logging,    after   road   construction ,    and 
after  logging  and   roads.      Data   points   for   unlogged 
relationship  not   shown. 
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unlogged  (line  1),   I  found  that  the  slopes 
of  the  lines  were  highly  significantly 
different.     There  appears  to  be  no  logical 
reason  why  the  slopes  should  be  different 
in  the  direction  shown  (lower  peaks  after 
roads). 

Comparing  the  period  after  logging 
which  includes  road  construction  (fig.  6, 
line  3)  with  the  before-logging  period 
(line  1),  I  found  a  nonsignificant  difference 
in  slope  but  a  highly  significant  difference 
in  adjusted  means — 27.  5  c.  s.  m.  before, 
30.  3  c.  s.  m.   after  logging  and  roads.     I 
see  no  evidence  of  a  trend  toward  less 
change  at  high  flows,  most  probably  be- 
cause no  peak  flows  greater  than  60  c.  s.m. 
are  included  in  the  analysis.     Unfortunately, 
records  of  the  largest  storms  during  the 
period  were  lost  when  the  gaging  station 
on  the  patchcut  and  roaded  watershed  was 
damaged  by  a  debris  avalanche  during  a 
50-  to  100-year  storm  (Fredriksen  1965). 

Later  records  for  1969,   1970,  and 
1971  show  no  significant  change  from  pre- 
logging  peal^;  flows.     By  this  time,  6  to  8 
years  after  burning,   the  clearcut  areas 
were  covered  by  a  regrowth  of  vegetation 
that  gave  crown  coverage  over  almost 
90  percent  of  the  area,  although  about 
23  percent  of  the  soil  surface  was  still 
classified  as  bare. 

It  seems  safe  to  conclude  from  this 
that  under  the  common  patchcut  form  of 
clearcut  logging,  the  harvesting  of  timber 
will  result  in  appreciably  increased  peak 
runoff  only  under  unusual  circumstances. 
Two  conditions  that  might  cause  increased 
runoff  are  (1)  exceptionally  large  quan- 
tities of  precipitation  at  the  end  of  the  dry 
season  when  there  is  a  marked  difference 
in  soil  wetness  and  (2)  a  rain-on-snow 
event  in  which  large  quantities  of  precipi- 
tation coincide  with  melt  of  a  larger  accu- 
mulation of  snow  in  logged  areas.    Because 
of  timing  of  precipitation  and  snowmelt, 


the  latter  situation  is  so  highly  variable 
that  peaks  from  logged  watersheds  are 
sometimes  higher,   sometimes  lower  than 
would  be  expected  if  the  area  were  uncut. 

CONCLUSIONS 

Peak  streamflow  from  small  water- 
sheds  in  areas  typified  by  the  H.  J. 
Andrews  Experimental  Forest  is  increased 
by  logging  when  antecedent  precipitation 
is  low,  i.e. ,    when  water  storage  capacity 
of  soils  is  less   in  the  logged  area  than 
under  the  forest.      If  we  examine  only 
the  size  of  the  average  peak  flows,    we 
would  conclude  that  logging  increases 
peak  streamflow.      However,    the  highest 
peak  flows  for  a  given  watershed  are 
the  result  of  wet  mantle  conditions  and 
may  be  associated  with  rain-on-snow 
events.      Under  these  conditions  there 
are  indications  that  the  highest  peak 
flows  from  logged  watersheds  are  rarely 
greater  than  they  would  have  been  if 
no  logging  occurred.     Statistical  evidence 
is  weak,  but  present  indications  point 
to  the  overriding  influence  of  climatic 
pattern  in  determining  major  peak  stream- 
flow.     More  data  are  needed,  but  they 
are  difficult  to  obtain  because  of  the 
infrequency  of  major  storm  events  coin- 
ciding with  treatment  of  gaged  watersheds. 
Even  without  additional  data,    it  would 
appear  that  the  design  of  structures  to 
handle  the  water  in  small  streams  does 
not  need  an  additional  safety  factor  for 
increased  peak  runoff  from  logged  areas 
to  avoid  water  damage.     However, 
modifications  of  capacity  or  design  of 
drainage  structures  may  be  required  to 
handle  debris.      In  analysis  of  flood 
damage  caused  by  the   record  breaking 
storms  of  1964-65,  Rothacher  and 
Glazebrook  (1968)  found  that  most  culverts 
were  hydraulically  adequate.      Those 
that  failed  were  plugged  with  debris. 
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The  mission  of  the  PACIFIC  NORTHWEST  FOREST 
AND  RANGE  EXPERIMENT  STATION  is  to  provide  the 
knowledge,  technology,  and  alternatives  for  present  and 
future  protection,  management,  and  use  of  forest,  range,  and 
related  environments. 

Within  this  overall  mission,  the  Station  conducts  and 
stimulates  research  to  facilitate  and  to  accelerate  progress 
toward  the  following  goals: 

1.  Providing  safe  and  efficient  technology  for  inventory, 
protection,  and  use  of  resources. 

2.  Development  and  evaluation  of  alternative  methods 
and  levels  of  resource  management. 

3.  Achievement  of  optimum  sustained  resource  produc 
tivity  consistent  with  maintaining  a  high  quality  forest 
environment. 

The  area  of  research  encompasses  Oregon,  Washington, 
Alaska,  and,  in  some  cases,  California,  Hawaii,  the  Western 
States,  and  the  Nation.  Results  of  the  research  will  be  made 
available  promptly.  Project  headquarters  are  at: 

Fairbanks,  Alaska  Portland,  Oregon 

Juneau,  Alaska  Olympia,  Washington 

Bend,  Oregon  Seattle,  Washington 

Corvallis,  Oregon  Wenatchee,  Washington 
La  Grande,  Oregon 


Mailing  address:     Pacific  Northwest  Forest  and  Range 
Experiment  Station 
P.O.  Box  3141 
Portland,  Oregon  97208 


GPO  989-722 


The  FOREST  SERVICE  of  the  U.  S,  Department  of  Agriculture 
is  dedicated  to  the  principle  of  multiple  use  management  of  the 
Nation's  forest  resources  for  sustained  yields  of  wood,  water, 
forage,  wildlife,  and  recreation.  Through  forestry  research,  co- 
operation with  the  States  and  private  forest  owners,  and  man- 
agement of  the  National  Forests  and  National  Grasslands,  it 
strives  —  as  directed  by  Congress  —  to  provide  increasingly  greater 
service  to  a  growing  Nation, 
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ABSTRACT 

This  report  presents   lumber  and  veneer  recovery  from  Coast 
Douglas-fir  cull  satin   logs  and  cull  peeler  blocks.      These   logs 
and  blocks  were  a  portion  of  10  samples  of  timber  throughout 
Oregon,    Washington,   and  California  which  were  processed  to 
obtain  current   lumber  and  veneer  yields. 

Recovery  information  is  presented  by  1-inch  diameter  class 
for  116  cull   logs  and.  59  cull  blocks.      The   lumber  volume  in  Utility 
and  Economy  grades  was   77  percent;   cubic  volume  recovery  was   41 
percent.      Cubic  volume  recovery  for  veneer  was   20  percent,   with 
50  percent  of  the  veneer  volume  in  grade  D. 

Keywords:   Lumber  recovery,  veneer  recovery,  Douglas-fir, 
cull  logs,  Pseudotsuga  menziesii. 


INTRODUCTION 

In  this   report,     we  present    tables  of  lumber  and  veneer  recovery- 
percentages    for  Coast  Douglas  -fir—'    cull  sawn  logs  and  cull  peeled  blocks. 
They  show  product   recovery  by  diameter  classes  for  logs  and  peeler  blocks 
judged  by  a  scaler  to  be  less  than  one-third  sound.     Scaling  methods   used 
were  those  of  the  U.S.    Forest  Service   (5). 

The  cull   sawn-length    logs  and  cull  peeler    blocks  usually  resulted  from 
bucking  a  woods-length  log    at    the  mill.      Cull  long-butt  sections  or  cull    logs 
bucked  out  of   the  tree    bole  in    the  woods  are    not    included.      All  logs    came 
from  standing  live  trees.      However,    a  full  range  of  scale- reducing  character- 
istics was    present.      Rot  (including  firm  white   speck),    shake,    and  pitch  rings 
were  common  deductions. 

The   sample  of  cull  logs  and  blocks  is  not  intended  to  represent  the  amount 
or  type  of  cull  expected  from  a  given  timber  sale.      These  logs   and  blocks  were 
part  of  our  sample  of  standing  live  timber  for  a  series  of  1  0  lumber  and  veneer 
recovery  studies   conducted  in  Washington,    Oregon,    and  California.      The  studies 
were  made  to  provide  both  updated  lumber  and  veneer  recovery  information 
(2S    3)  and  the  basis  for  developing  a  new  log  grading  system  (4)  for  Coast 
Douglas-fir. 

Lumber  recovery  is  based  on  the   shipping  tally  volumes  for   116  cull  logs 
that  were   sawn.      Each  board  was  tallied  by  thickness,    width,    length,    and 
grade.—' 

Veneer  recovery  is  the   square-foot  volume,    3/8-inch  basis,    for  the   59 
cull  blocks  that  were  peeled.      The  volumes  are  based  on  the  grade  (see  footnote 
2)  and  tally  of  dry,    untrimmed  veneer  from  each  block. 

Timber  buyers,    sellers,    and  processors,    forest  land  managers,    and 
forest  resource  and  inventory  personnel  should  find  the  information  useful. 

DISCUSSION  OF  RESULTS 

We  have   summarized  the  lumber  and  veneer  grade   recoveries  in  figure    1  . 
With  all  log   sizes  combined,    the  Standard  and  Better  lumber  recovery,    including 
Shops  and  Selects,    was  22.  2  percent.      Curves  of  percent  recovery  for  various 
groupings  of  lumber  grades  by  diameter  are   shown  in  figure   2.      In  table   1,    we 
show  the  lumber  grade   recovery  percent  by  1-inch  log  diameter  classes.      Veneer 
recovery  in  grades  A  to  B  patch  averaged  26.  2  percent.      Table  2  presents  the 
veneer  grade  recovery  by  1-inch  block  diameter  classes.      Curves  of  percent 
recovery  by  veneer  grade  are   shown  in  figure   3. 


—  Pseudotsuga  menziesii  (Mirb.  )  Franco  var.  menziesii. 

—  Lumber  was  graded  by  or  under  the  supervision  of  the  Western  Wood  Products 
Association  and  West  Coast  Lumber  Inspection  Bureau.      Veneer  was  graded  by  or  under 
the  supervision  of  Inspectors  of  the  American  Plywood  Association  or  the  Timber  Engi- 
neering   Company.  » 
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Figure  1. — Average  lumber  and  veneer  grade  recovery  per- 
centages  for  cull   sawn  logs   and  cull   peeled  blocks. 


Table  1.--  Sawn  logs- lumber  grade  yields  by  scale  diameter 


Log 

Number 

of 

logs 

Lumber 

Lumber   grade 

scale 

Moulding, 

Factory   Select, 

No.    1,    2,    _    3   Shop 

diameter 
(Inches) 

tally 

D   &   Better 
Select 

Standard 
&  Better 

Utility 

Economy 

Board  feet 

_________  Percent  -  -  - 
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8 
9 

1 

(i 

53 

0 
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54.7 

45.3 
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7.9 
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40.4 
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14.8 
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Figure  2. --Percent   lumber  grade  recovery  by  diameter,    small- 
end  log. 
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Figure  3. — Percent   veneer   grade   recovery   by   diameter , 
small-end  block. 


Table  2  -Peeler  blocks-veneer  grade  yields  by  block  scale  diameter 


Block 
scale 

Number 

of 
blocks 

Vei 

leer 

Veneer   j 

>rade 

diameter 
(inches) 

tally!/ 

A 

A  patch 

B 

B   patch 

C 

D 

Square  feet 

-  -  Percent  -  -  -  - 

1-4 

1 

5 

0 

i) 

0 

0 

100.0 

0 

L5 

3 

103 

0 

0 

0 

0 

47.6 

52.4 

16 
17 

4 

357 

10.1 

5.3 

0 

7.8 

49.1 

27.7 

18 

I'-- 

0 
1 

51 

25.5 

0 

0 

0 

29.4 

45.1 

20 

2 

98 

1.0 

0 

5.1 

5.1 

47.0 

41.8 

21 

22 

3 
0 

252 

0 

0 

0 

0 

11.9 

88.1 

2) 
24 

n 
2 

74 

0 

0 

1.4 

5.4 

24.3 

68.9 
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3 

265 

1.9 
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41.5 

46.0 

26 

i 

75 
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8.0 
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4 
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1 
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.8 
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50 

1 
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il 

1 
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il 

2 
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0 
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.7 

0 

21.3 
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ii 

2 
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1.5 
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0 
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54 

4 

1 
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1.6 
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6.6 
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55 

5 

2 
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.5 
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.8 
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78.0 

56 

3 

1 
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0 
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.7 
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37 

2 

1 

,554 
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8.0 
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35.9 

38 
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3 
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22.8 

41.8 
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— 
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,492 

5.1 

4.9 

8.6 

7.6 

23.6 

50.2 

—     3/8-inch  basis. 


The  distribution  of  cull  logs  and  blocks  by  3-inch  diameter  classes  is 
shown  in  table   3.      Fifty-eight  percent  of  the  logs  and  66  percent  of  the  blocks 
would  have  been  No.    3  Sawmill  grade,    based  on  surface  characteristics   of  the 
log,    if  they  had  not  been   cull. 

Table  2. -Distribution  of  cull  logs  and  cull  blocks  by  grade-' 
and  3- inch  diameter  classes 


Log 

diameter 

class 

(inches) 

Log  grade 

No.  2  and  3  Peeler 

No.  2  Sawmill 

No.  3  Sawmill 

Sawn 
logs 

Peeled 
blocks 

Sawn 
logs 

Peeled 

blocks 

Sawn 
logs 

Peeled 
blocks 

Numb e 2 


l1-1 





10 

-- 

-- 

1  3 

-- 

— 

16 

-- 

— 

19 

— 

— 

22 

— 

— 

25 

1 

0 

2  8 

0 

0 

U 

o 

(1 

34 

0 

(! 

M 

0 

1) 

40 

0 

0 

43 

1 

0 

4  b 

0 

0 

49+ 

1 

2 

] 

3 
3 

4 
6 
7 

y 

7 

11 
5 
5 
! 
1 
1 
1 


Total 


46 


18 


6  7 


39 


—  Based  on  surface  characteristics  only,  using  "Log  grade  descriptions 
for  Douglas-fir,"  USDA  For.  Serv. ,  Reg.  6,  Form  R-6  2440  (Revised  12/61). 

2/ 

—  The  7-inch  diameter  class  includes  logs  5.6  to  8.5  inches  in 

diameter. 


Lumber.  --Table  4  presents  the  log  scale,    board-foot,    and  cubic-foot 
lumber  recovery  information  for   sawn  logs.      The  cubic  volume  of  lumber 
recovered  averaged  41    percent  of  the  cubic-foot  log  volume.      This  compares 
with  an  average   recovery  of  64  percent  for  the  4,  974  sawn- length  cull  logs 
(2)   in  the   10   studies. 


Table  A.-- Sawn  logs-summary  of  log  scale,  lumber  tally,  and  cubic  volumes  by  diameter 


Log 
scale 
iameter 
inches) 

Number 

of 

logs 

Scale 

Lumber 

Cubic   volume 

Gross 

Net 

Recovery 

Recovery 
ratio 

Log 

Lumber 

Lumber 
recovery 

Sawdust 

Chippable 
residue 

Board  feet 


Percent 


Cubic  feet  - 


Percent 


'.a  feet 


7 

1 

8 

0 

9 

2 

10 

0 

i  1 

1 

12 

2 

13 

0 

14 

1 

13 

1 

L6 

2 

17 

2 

18 

1 

19 

2 

:o 

8 

21 

1 

22 

5 

23 

5 

24 

3 

25 

7 

:•■ 

4 

-7 

4 

28 

3 

29 

7 

30 

3 

31 

3 

32 

4 

33 

4 

34 

4 

23 

2 

36 

3 

37 

3 

34 

4 

39 

4 

40 

1 

41 

5 

42 

3 

43 

0 

44 

0 

45 

0 

46 

0 

47 

1 

48 

0 

49 

2 

50 

2 

51 

i) 

52 

0 

53 

1 

54 

1 

Total   or 

average 

116 

)0 
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si  1 
230 

90 

70 

470 

280 
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450 

2,280 

300 

1,880 

2,490 

1,290 

3,480 

1,870 


3  30 

600 

230 

920 

910 

810 

730 

.500 

2,300 

2,760 

4,070 

4,400 

5,040 

1,200 

6,990 

4,190 


1,660 

3,820 
3,980 


1,840 
2,180 


20 

11 
30 

ID 

0 

70 

11) 

20 

40 

240 

30 

260 

300 

120 

510 

190 

190 

220 

620 

580 

540 

400 

400 

310 

350 

320 

540 

500 

570 

300 

550 

530 


170 


610 
600 


90 

540 


53 

(1/) 

L75 

8  7  3 

1  74 

(1/) 

1  3  > 

517 

209 

2,090 

L04 

(1/) 

212 

303 

228 

2,280 

322 

1,610 

276 

690 

1,777 

740 

336 

1,120 

1,369 

527 

2,028 

676 

959 

799 

2,665 

523 

1,016 

535 

2,037 

1,072 

1,102 

501 

2,809 

453 

2,283 

144 

2,022 

374 

3,203 

301 

2,620 

655 

3,444 

1,111 

1,806 

516 

2,631 

,8  2  2 

940 

174 

2,496 

499 

3,080 

540 

573 

l'H 

5,347 

972 

2,744 

518 

5.53 


27.33 


4.40 


14.57 


8-3  3 

1,549 
2,808 


138 
1,505 


521 


2  53 
468 


151 
279 


2  5 

1  i 

1  ■'. 

70 

43 

14 

13 

03 

2] 

7  5 

M 

11 

11 

1  8 

8 

68 

74 

52 

17 

S6 

47 

47 

17 

8  3 

55 

2  8 

26 

05 

68 

i-5 

23 

22 

322 

L8 

144 

2  8 

55 

ul 

27 

96 

264 

55 

112 

37 

337 

7  1 

169 

59 

179 

1,;-; 

77 

25 

468 

'3  3 

221 

75 

236 

97 

81 

■hi 

290 

91 

164 

47 

200 

01 

91 

8  1 

668 

2  7 

231 

88 

499 

8  3 

193 

14 

517 

64 

165 

53 

481 

36 

262 

90 

507 

04 

220 

8  8 

487 

40 

279 

69 

302 

69 

150 

9  3 

371 

81 

213 

41 

529 

54 

79 

41 

569 

45 

208 

2  7 

668 

37 

258 

43 

161 

62 

48 

81 

945 

10 

452 

7  8 

555 

20 

233 

08 

205.34 


73.82 


476.98 

130 

M 

488.16 

229 

18 

218.56 

12 

04 

304.50 

127 

/] 

80 

53 

58 
SO 

7  7 
78 
23 
S8 

4  7 
34 

4  7 
51 
42 
50 
43 

35 

57 

-,< 
15 
!9 

32 

5  5 

4  4 

5  7 
50 
5  7 
15 
37 

S9 
SO 
4  8 
42 


36 


2  7 
4  7 


1. 


0.81 

2.97 

3.12 
2.97 

3.27 

1.45 

4.10 

3.64 

4.18 

4.13 

27.29 

4.27 

18.72 

28.66 

12.12 

41.70 

14.05 

28.74 

19.53 

43.26 

38.31 

28.47 

50.57 

41.69 

48.95 

18.60 

33.05 

14.16 

35.22 

57.61 

9.48 

82.80 

55.50 


25.57 


36.85 
52.17 


2.31 
24.67 


0.32 

9.79 

7.31 
27.34 

2.17 

1.05 

53.06 

26.00 

25.05 

41.30 

150.61 

22.78 

133.46 

139.46 

90.31 

205.50 

141.02 

97.70 

88.65 

393.08 

268.15 

323.64 

167.89 

244.47 

158.76 

133.16 

125.35 

435.97 

325.96 

352.33 

103.33 

409.52 

266.62 


105.95 

309.22 
206.81 


204.21 
152.12 


88,270 


10,780 


58,080 


5  39 


11,694.98        4,820.60 


41- 


924.96 


5,949.42 


1/ 


Cannot   be   calculated  because   net   scale  was    zero. 


Notice  the  high  board-foot  recovery  or   ratio  of  539  percent   (an  overrun 
of  over  400  percent)   for  the  cull  logs.      This  resulted  from  many  logs  being 
scaled  as  having  a  zero  net   scale  yet,    when   sawn,     producing    some    low  grade 
lumber.      These  logs  averaged  only  12-percent  sound.      Overrun  for  the  noncull 
logs  in  the   10   studies  was   28  percent. 

Sawdust  volume  was  calculated  using  actual  rough  green  lumber  sizes  and 
an  average  kerf  for  each  mill.      These  calculations   are  part  of  the  computer 
program  (2)   used  to  compile  the  data.      Chippable   residue  is  determined  by 
subtracting  lumber  and  sawdust  volume  from  the  log  volume.      It  includes  a 
small  amount  of  sawdust  produced  from  slabs,    edgings,    and  trim  ends. 

A  wide   range  of  lumber  sizes  was  produced  for  each  lumber  grade.      The 
description    of   item    sizes    under    each    lumber    grade    is    contained    in    table    5. 
Table  6  shows  the  percentage  distribution  of  study  lumber  by  grade  and  item. 
For  example,    note  in  table   6  that  lumber  item  group  6  under  B   and  Better  Select 
shows   0.  24  percent.      Turning  to  table   5  and  item  group  6  under  B   and  Better 
Select  we   see  2x4's.      Thus  the  0.  24  is  the  percentage   of  B  and  Better  Select 
2x4's  produced  from  the  total  volume  of  58,  080  board  feet.      Using  tables   5  and 
6  together,    we  determine  that  the  total   recovery  in  2x4's  was   16.  06  percent. 

Veneer.  --Table  7  presents  the   scale  and  recovery  volumes  for  the  cull 
blocks.       The    cubic    recovery    percentage    for    veneer    averaged    19.  6    percent, 
which  is  less  than  half  the  lumber  cubic  recovery.      The  high  recovery  ratio  of 
36.10    square    feet    per    board    foot    results    from    veneer    recovery   from    some 
blocks    which   were    scaled    as    zero    net    volume.       Comparable    values    for    the 
noncull  block  data  (3)  from  these   studies  was    52.  7  percent  cubic  veneer  recovery 
and  2.  71    recovery  ratio--all  log  grades. 

Core  volume  was  420.47  cubic  feet  or  13.7  percent  of  the  total  block 
volume.  This  is  higher  than  the  9.  5  percent  for  the  3,  042  blocks  in  the  noncull 
data  [3),     indicating    the    larger    cores    that    result    from   peeling    cull    blocks. 

Table  8   summarizes  the  distribution  of  veneer  items  and  grade  from  the 
cull  blocks.      The   recovery  of  4-foot  core  or  fishtail  veneer  was  40.4-percent 
grade    C.       This    compares    with    56.  5    percent    from   the    noncull    block    data 
indicating  the   roundup  or  4-foot  fishtail  recovery  did  not  differ  greatly  for  the 
cull  blocks.      About  7.  5  percent  of  all  the  cull  block  veneer  was  grade  C  and 
4  feet  long,    compared  with  4.  1    percent  for  the  noncull  block  data  (3).      The 
significance  of  this  point  is  that  a  mill  peeling  cull  blocks  can  expect  to   recover 
some  C   grade  veneer  from  roundup.      However,    full  and  half  sheet  veneer  will 
be  from  50  to  70  percent  grade  D  (table  8). 
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Table  8.   Distribution  of  study  veneer  by  grade  and  veneer  item 


Veneer  item 


A  patch- 


Veneer  grad< 


1/ 


B  patch 


2/ 


Total 


Reject 


3/ 


Full  sheet 

Square  feet 

i) 

68 

19 

182 

Percent 

n 

5.6 

1.6 

15.1 

Half  sheets 

Sauare  feet 

467 

580 

149 

645 

Percent 

8.2 

10.2 

2.6 

11.3 

'67    871   1,207     329 
5.6    72.1    100.0 


776   3,074   5,691   5,037 
13.6    54.1    100.0 


Random  width 


8  foot  strip 

Square  feet 

528 

299 

726 

657 

2,291 

4,475 

8,976 

4,284 

Percent 

5.9 

3.3 

8.1 

7.3 

25.5 

49.9 

100.0 

— 

4  foot  fishtail 

Square  feet 

0 

0 

774 

0 

1,463 

1,381 

3,613 

593 

Percent 

0 

(] 

21.4 

u 

40.4 

38.2 

100.0 

— 

All  items 

Square  feet 

995 

947 

1,668 

1,484 

4,597 

9,801 

19,492 

10,243 

Percent 

5.1 

4.9 

8.6 

7.6 

23.6 

50.2 

100.0 

— 

—  National  Bureau  of  Standards,  U.S.  Dept.  of  Commerce  U.S.  Product  Standard 
PS  1-66.   Products  Standards  Section  1966. 
2/ 


3/ 


A  patch  allowed  maximum  of  14  patches,  B  patch  allowed  maximum  of  20  patches. 


—  Below  grade  veneer  selected  for  possible  use  in  mill  certified  type  panels. 


1  ,'. 


CONCLUSIONS 

A  mill  manager  can  use  this  information  to  estimate  lumber  or  veneer 
recovery  from  a  similar  batch  of  cull  logs  or  cull  blocks. 

Although  cull  log   recovery  will  vary  by  diameter,    the  lower  lumber  and 
veneer  grades  will  be  the  predominant  form  of  recovery. 

The   residue  created  by  sawing  cull  logs  or  peeling  cull  blocks  will  be 
substantially  greater  than  for  nonculls. 
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The  mission  of  the  PACIFIC  NORTHWEST  FOREST 
AND  RANGE  EXPERIMENT  STATION  is  to  provide  the 
knowledge,  technology,  and  alternatives  for  present  and 
future  protection,  management,  and  use  of  forest,  range,  and 
related  environments. 

Within  this  overall  mission,  the  Station  conducts  and 
stimulates  research  to  facilitate  and  to  accelerate  progress 
toward  the  following  goals: 

1.  Providing  safe  and  efficient  technology  for  inventory, 
protection,  and  use  of  resources. 

2.  Development  and  evaluation  of  alternative  methods 
and  levels  of  resource  management. 

3.  Achievement  of  optimum  sustained  resource  produc- 
tivity consistent  with  maintaining  a  high  quality  forest 
environment. 

The  area  of  research  encompasses  Oregon,  Washington, 
Alaska,  and,  in  some  cases,  California,  Hawaii,  the  Western 
States,  and  the  Nation.  Results  of  the  research  will  be  made 
available  promptly.  Project  headquarters  are  at: 

Fairbanks,  Alaska  Portland,  Oregon 

Juneau,  Alaska  Olympia,  Washington 

Bend,  Oregon  Seattle,  Washington 

Corvallis,  Oregon  Wenatchee,  Washington 
La  Grande,  Oregon 


Mailing  address:     Pacific  Northwest  Forest  and  Range 
Experiment  Station 
P.O.  Box  3141 
Portland,  Oregon  97208 


The  FOREST  SERVICE  of  the  U.S.  Department  of  Agriculture 
is  dedicated  to  the  principle  of  multiple  use  management  of  the 
Nation's  forest  resources  for  sustained  yields  of  wood,  water, 
forage,  wildlife,  and  recreation.  Through  forestry  research, 
cooperation  with  the  States  and  private  forest  owners,  and 
management  of  the  National  Forests  and  National  Grasslands,  it 
strives  —  as  directed  by  Congress  —  to  provide  increasingly 
greater  service  to  a  growing  Nation. 
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ABSTRACT 

Applying  ammonium  nitrate  fertilizer  to  a  Site  V  plantation  resulted  in  significant  increases 
in  tree  diameter,  height  growth,  and  in  volume  growth  during  the  7  years  following  treatment. 
Dosages  of  140,  280,  and  420  pounds  of  nitrogen  per  acre  increased  gross  volume  growth  by  55, 
92,  and  109  percent, respectively  (515,  852,  and  1,012  cubic  feet  per  acre);  the  increase  with  the 
140  N  dosage  was  equivalent  to  a  temporary  improvement  of  site  quality  by  one  site  class  (30  feet 
on  a  100-year  basis).     Continued  response  in  total  and  merchantable  volume  is  likely,  especially 
with  higher  dosages  of  nitrogen.    The  280-  and  420-pound-N  dosages  increased  winter  breakage, 
primarily  in  smaller  trees,  and  at  least  doubled  the  number  of  trees  and  cubic  volume  lost  to  mor- 
tality.   Thus  far,  net  gain  in  total  cubic  volume  of  the  live  stand  from  fertilizing  is  as  much  as  83 
percent  (649  cubic  feet),  with  maximum  gain  from  the  280-pound-N  treatment.    Nitrogen  fertilizer 
is  a  promising  silvicultural  tool  for  increasing  wood  production  of  Douglas-fir  stands  on  similar 
soils  of  low  natural  productivity. 

Keywords:    Diameter  increment,  Douglas-fir,  fertilizer  response    (forest  tree),  height 

increment,  nitrogen  fertilizer  response,  Pseudotsuga  menziesii,  silviculture, 
site  productivity,  volume  increment,  winter  damage  (forest). 


R.  E.  Miller  is  Principal  Soil  Scientist  at  Forestry  Sciences  Laboratory, 
Pacific  Northwest  Forest  and  Range  Experiment  Station,  Olympia,  Washington. 

L.   V.  Pienaar  is  Associate  Professor  of  Forest  Biometrics,    School  of 
Forestry,  University  of  Georgia,  Athens,  Georgia. 


INTRODUCTION 

During  the  past  20  years,  various  fertilizers  have  been  tested  in  Douglas-fir 
forests  of  western  Washington  and  Oregon.     In  most  tests,  nitrogen  has  increased 
tree  growth  (Strand  and  Miller  1969).     Some  land  managers  have  quickly  adopted 
nitrogen  fertilizing  as  a  silvicultural  tool  for  increasing  production;  other  managers 
lack  organizational  or  financial  flexibility  to  implement  a  fertilizing  program  or 
lack  sufficiently  strong  evidence  of  expected  volume  or  value  gains  from  their  own 
lands. 

Reliable  data  on  volume  response  and  its  distribution  by  tree  sizes  are  basic 
in  any  decision  to  implement  or  continue  a  forest  fertilizing  program.     The  major 
purpose  of  this  paper  is  to  provide  such  response  data  from  a  specific  study  area  in 
a  37-year-old,   Site  V,  Douglas-fir  plantation  on  the  Wind  River  Experimental  Forest 
in  southwestern  Washington.     In  the  initial  report,  Reukema  (1968)  reported  sub- 
stantial increases  in  height,  diameter,   and  basal  area  growth  per  acre  during  the 
first  4  years  after  fertilizing.     This  present  report  describes  the  continuing  effects 
of  fertilizer  on  diameter  and  height  of  individual  trees  and  cubic  volume  growth  per 
acre. 

In  April  1964,  ammonium  nitrate  (33.5  percent  N)  was  applied  to  this  plantation 
(fig.   1)  at  rates  of  140,  280,  and  420  pounds  per  acre.     Trees  were  measured  prior 
to  treatment,  after  two  growing  seasons,   and  then  annually  through  1970.    Additional 
details  about  the  experimental  stand,  design,  treatment,   and  data  analysis  are  pro- 
vided in  the  appendix. 


Figure    1. — An   unfertilized  plot   in   the  study  area. 


RESULTS  AND  DISCUSSION 

TREE  DAMAGE  AND  MORTALITY 

During  the  7  years  after  treatment,   12  to  37  percent  of  the  initial  trees  died; 
more  than  twice  as  many  trees  died  on  plots  treated  with  280  and  420  pounds  of  nitrogen 
per  acre  as  on  untreated  plots  (table  1).    Mortality  was  largely  confined  to  smaller 
trees;  only  5  percent  were  in  the  upper  third  of  the  diameter  range,  whereas  60  per- 
cent were  in  the  lower  third. 

Winter  Breakage  Was  the  Major  Cause  of  Damage  and  Mortality 

Most  mortality  was  caused  by  or  associated  with  winter  breakage,  presumably 
the  mixed  effects  of  snow,  ice,  and  wind.     Serious  winter  damage  to  forests  in  the 
general  study  area  occurs  every  2  to  3  years.!/     Winter  breakage  caused  78  to  79 
percent  of  the  total  mortality  on  control  and  140  N  plots  and  87  and  88  percent,  res- 
pectively, on  plots  treated  with  280  and  420  pounds  of  nitrogen  per  acre.      Higher 
dosages  of  nitrogen  led  to  increased  mortality,  because  more  trees  were  damaged 
and  a  higher  percentage  of  damaged  trees  subsequently  died  (table  1).     Mortality  in 
given  years  was  clustered,  rather  than  randomly  distributed,  within  the  plot;  this 
suggests  that  excessive  winter  breakage  probably  caused  temporary  loss  of  site 
occupancy  and  volume  growth. 


—'  Personal  correspondence  with  David  Jay,  who  was  District  Ranger,  Gifford  Pinchot 
National  Forest,  in  February  1972. 


Table  l.--Tree  mortality  after  seven  growing  seasons  by  treatment  and  cause, 
per  acre  basis,   average  of  three  plots  per  treatment 


Treatment 

1/ 

Live, 
1963 

Total 
1963 

dead, 
-70 

Winter  breakage 

Break 
Total 

age  mortal ity 

Total 

Died 

mortal  ity 

Numbi 

>r 

Percent 

Ihmbei 

Percent— 

Percent 

0 

600 

93 

16 

113 

73 

65 

78 

140 

573 

67 

12 

107 

53 

50 

79 

280 

627 

193 

31 

220 

167 

76 

37 

420 

620 

227 

37 

260 

200 

77 

88 

—  Pounds  of  nitrogen  per  acre. 

2/ 

—  Percent  of  damaged  trees. 


Why  should  nitrogen  application  to  this  stand  lead  to  greater  tree  breakage  and 
mortality,  especially  in  smaller  trees?    The  most  plausible  explanation  is  that  the 
near  doubling  of  needle  length  observed  during  the  first  growing  season  after  ferti- 
lizing^/  resulted  in  greater  accumulation  of  snow  and  ice  and  greater  resistance  to 
wind.     The  comparable  height  growth  response  of  smaller  trees  to  nitrogen  suggests 
that  their  needle  and  twig  length  were  also  increased  as  much  as  those  of  larger 
trees.     Although  smaller  trees  are  commonly  sheltered  by  larger  trees  and  pre- 
sumably less  subject  to  direct  climate  effects,  these  smaller  trees  can  be  targets 
for  clumps  of  accumulated  snow  falling  from  larger  trees.     Similar  increases  in 
snow  breakage  after  needle  quantity  was  increased  by  greatly  improved  nitrogen  nutri- 
tion on  lower  quality  sites  have  been  reported  for  Scots  pine  (Kreutzer  1967)  and  for 
Norway  spruce  (Nebe  1970). 

It  is  unlikely  that  reduced  wood  strength  could  have  been  a  major  contributing 
factor  to  increased  winter  breakage,  despite  increases  in  ring  width  which  occurred 
during  the  second  growing  season  after  treatment.     Severe  breakage  occurred  through- 
out the  study  area  in  the  winter  preceding  fertilizing.     During  the  second  winter  after 
treatment,  however,  numbers  of  trees  damaged  differed  significantly  among  treat- 
ments and  increased  as  fertilizer  rates  increased  (Reukema  1968).     It  seems  unlikely 
that  the  proportion  of  possibly  weaker  wood  produced  in  the  two  growing  seasons  after 
fertilizing  would  sufficiently  weaken  the  entire  bole  which  was  generally  several 
inches  in  diameter  at  the  breaking  point. 

D.  B.H.   GROWTH 

We  examined  the  effect  of  ammonium  nitrate  on  (1)  change  in  average  d.  b.h. 
(of  plots),   (2)  average  diameter  growth  of  surviving  trees,   and  (3)  diameter  growth 
by  d. b.h.  classes.     The  rate  of  diameter  growth  during  the  7-year  period  increased 
progressively  with  increased  dosages  of  fertilizer;  continued  response  is  indicated. 

Average  D.b.h.  Growth  Was  Increased  by  Fertilizing 

After  seven  growing  seasons,   increases  in  average  d.b.h.  of  plots  and  d.b.h. 
growth  of  surviving  trees  were  closely  related  to  the  amount  of  nitrogen  applied 
(table  2).     When  compared  with  growth  on  untreated  plots,  average  diameter  growth 
was  more  than  doubled  by  the  280-N  and  420-N  treatments. 

In  both  fertilized  and  unfertilized  stands,  part  of  the  increase  in  average  d.b.h. 
was  due  to  mortality.     In  addition  to  providing  more  growing  space  to  surviving  trees, 
mortality  caused  an  immediate  increase  in  average  d.b.h.  that  was  not  a  result  of 
growth,  but  rather  the  result  of  losses  of  smaller-than-average  trees. 

Average  diameter  growth  of  surviving  trees  was  linearly  related  to  amounts  of 
nitrogen  applied  (fig.  2).     Although  the  response  per  pound  of  applied  nitrogen  appeared 
to  lessen  at  the  420-pound  dosage,  there  was  no  significant  curvilinear  component  to 


y  Personal  correspondence  with  Robert  Tarrant,  Research  Forester,  Pacific  Northwest 
Forest  and  Range  Experiment  Station,  in  March  1972. 


Table  2. --Changes   in  live  trees   per  acre  and  average  d.b.h. 


Treatmer 

tl/ 

Live  trees 

Average 
d.b.h., 
1963 

Increase  in 
average  d.b.h..?/ 

D.b.h.  growth  of 
surviving  treesi.' 

1963 

1970 

Number 

Inah.es  — 

0 

600 

507 

5.4 

1.0 

0.7 

140 

573 

507 

5.3 

1.3 

1.1 

280 

627 

433 

5 .  4 

2.2 

1.5 

4,'0 

620 

393 

5.3 

2.3 

1.8 

— '    Pounds  of  nitrogen  per  acre. 

2/ 

—  Average  d.b.h.  of  live  trees  in  1970  minus  average  d.b.h.  of  live  trees  in 

1963;  weighted  average  of  three  plots  per  treatment. 

3/ 

—  Average  d.b.h.  growth  of  trees  surviving  in  1970,  weighted  average  of 

three  plots  per  treatment. 


2.0  _ 


140 


280 


420 


NITROGEN  APPLIED  (POUNDS  PER  ACRE) 

Figure    2. — Average   7-year-d.b.h.    growth  after  fertilizing. 
(Weighted  average  of  three  plots  per   treatment.) 


the  response  surface  (p  <  0.  11).     Thus  the  420-pound-N  treatment  was  not  large  enough 
to  determine  the  dosage  of  N  at  which  d.  b.h.  growth  would  have  leveled  off. 

D.b.h.  Growth  of  Larger  Trees  Particularly  Stimulated  by  Nitrogen 

In  all  plots,  diameter  growth  of  surviving  trees  was  significantly  related  to 
initial  tree  size;  largest  trees  grew  most  in  d.b.h.     Fertilizing  enhanced  this  relation- 
ship.   Additions  of  280  and  420  pounds  of  nitrogen  per  acre  significantly  increased 
growth  of  larger  trees  more  than  that  of  smaller  trees  (fig.   3).     The  140- N  dosage 
also  differentially  increased  the  growth  of  larger  trees  but  to  a  lesser  extent  than 
higher  dosages.     Because  higher  fertilizer  dosages  resulted  in  greater  mortality, 
the  increase  in  d.b.h.  growth  of  larger  trees  following  the  280-  and  420-N  treatments 
is  explained  in  part  by  release  as  well  as  by  improved  nutrient  status.    The  antici- 
pated effects  of  this  fertilization  on  future  stand  structure  are  increased  average 
diameter  and  d.b.h.  range,  also  continued  advantage  of  large  trees  over  small  trees. 


5  _ 


4  6  8 

INITIAL  D.B.H.  (INCHES) 


10 


Figure   3. — Average   7-year-d.b.h.    growth  of  trees  of  varying 
initial   d.b.h.   and   treatment . 


HEIGHT  GROWTH 

We  examined  fertilizer  effects  on  total  and  periodic  annual  height  growth  during 
the  7-year  period  after  treatment.  Height  growth  was  accelerated  by  fertilizer;  con- 
tinued response  is  indicated,  particularly  by  trees  treated  with  280  and  420  pounds  of 
N  per  acre. 

Increasing  Fertilizer  Dosages  Increased  Response 

We  compared  average  height  growth  of  31  to  34  trees  per  dosage  level;  height  of 
these  trees  had  been  measured  at  the  start  and  end  of  the  7-year  period.     Approximately 
two-thirds  of  these  sample  trees  were  randomly  drawn  from  trees  with  d.b.h.  exceed- 
ing and  one-third  from  trees  less  than  the  average  of  their  respective  plot.     On  10  of  the 
12  plots,  7-year  height  growth  was  not  significantly  correlated  with  initial  height;  only 
one  control  plot  and  one  plot  treated  with  140  pounds  N  were  exceptions.     Thus  although 
average  initial  height  of  sample  trees  was  somewhat  greater  on  plots  with  the  two  highest 
dosages  of  N,   it  is  unlikely  that  any  serious  bias  was  introduced. 

Average  7-year  height  growth  in  fertilized  plots  was  34  to  89  percent  greater 
than  in  unfertilized  (table  3).    Although  there  is  some  evidence  that  growth  increases 
gradually  diminished  with  higher  levels  of  fertilizer  (table  3),  this  tendency  for 
curvilinearity  was  statistically  nonsignificant  (p  <  0.20);  analysis  of  variance  supported 
a  linear  response  surface  (p  <  0.  001)  for  the  range  of  dosages  tested  (fig.  4). 

Continued  Stimulation  of  Height  Growth  Is  Likely 

We  examined  the  trends  of  mean  annual  height  growth  on  14  to  17  trees  per 
treatment  level.     These  trees,  measured  at  each  inventory,  were  of  varying  initial 
heights. 

Annual  height  growth  showed  cyclic  trends  with  no  apparent  relation  to  growing 
season  precipitation  (fig.  5).     In  general,  fertilized  and  control  trees  had  similar 
growth  trends;  however,  growth  of  fertilized  trees  exceeded  that  of  control  trees  in  all 
years.     Thus  far,  the  yearly  trend  of  height  growth  on  plots  treated  with  280  pounds 
of  nitrogen  per  acre  is  about  the  same  as  on  those  treated  with  420  pounds.     Height 
growth  response  following  the  140-N  treatment  was  consistently  less  than  that  follow- 
ing heavier  dosages,  yet  was  still  evident  in  the  seventh  growing  season.     Continued 
response  is  likely,  particularly  by  trees  treated  with  280  and  420  N. 

CUBIC- VOLUME  GROWTH 

In  this  section,  we  examine  the  effects  of  fertilizing  on: 

1.  Growth  in  total  stem  volume  (including  top  and  stump)  of  all  trees  1.  5  inches 
and  larger  (CVTS);  this  is  our  best  estimate  of  total  stand  production. 

2.  Change  in  cubic  volume  to  a  4.  0-inch-top  d.  i.b.  (but  excluding  a  1.  5-foot 
stump)  of  all  trees  5.6-inch  d.b.h.   and  larger  (CV4);  this  estimates  merchantable 
volume  production  assuming  intensive  utilization  standards. 

3.  Trend  of  annual  volume  growth  to  determine  when  response  to  fertilizer 
started,  peaked,  and  ended. 

4.  Gross  versus  net  growth. 


Table  3. --Average—    7-year  height  growth  by  treatment  and  plot 


Treatment 
and  plotl/ 


2/ 


Average 
initial 

height 


Gain  from  treatment 


-Feet- 


Percent 


0: 


7 
1 

5 

All 

plots 

140 

3 

9 
8 

All 

plots 

28C 

: 

2 
12 
11 

All 

plots 

420 

6 

4 
10 

All 

plots 

42.8 
40.3 
44.5 


42.5 

40.6 
39.6 
44.0 


41.7 

47.6 
39.8 
48.1 


45.0 

45.0 
42.7 
45.6 


6.6 
8.7 


8.0 

11.7 
10.3 
10.5 


10.7 

13.6 
14.0 
14.7 


14.1 

16.1 
15.6 
13.5 


2.7 


6.1 


34 


76 


44.3 


15.1 


7.1 


—  Treatment  averages  are   based  on  31-34  trees. 

2/ 

—  Pounds  of  nitrogen  per  acre. 

3/ 

—  Plots  are  arranged  within  treatment  in  ascending  order  of 

initial  total  cubic  volume. 
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Figure   4  .--Average  7-yea.r  height  growth  after  fertilizing . 
(Weighted  average  of   three  plots  per    treatment.) 
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420  N 


1         2         3        4        5         6         7 
YEARS  AFTER  TREATMENT 

Figure    5 .--Average   yearly   height   growth  by 
treatment  and   year   since    treatment   re- 
lated  to   estimated  rainfall   during 
growing  season. 


The  method  used  to  determine  tree  and  plot  volumes  is  detailed  in  the  appendix. 
Although  there  were  initial  differences  in  both  total  (CVTS)  and  merchantable  (CV4) 
volume  among  plots  and  treatment  levels,  subsequent  volume  growth  in  CVTS,  but 
not  CV4,  was  significantly  correlated  with  volume  of  the  initial  growing  stock 
(p  <  0.  002).     Therefore,   CVTS  growth  was  adjusted  by  covariance  to  common  initial 
volumes  and  adjusted  growth  used  to  determine  fertilizer  gain  and  trends  of  annual 
volume  growth. 

Gross  Volume  Growth  per  Acre  Was  Markedly  Improved 


Total  volume  growth. — During  the  7  years  following  treatment,  total  cubic- 
volume  growth  of  all  trees,   1.5-inch  d. b.h.   and  larger,  was  positively  related  to 
amount  of  nitrogen  applied  (table  4);  the  response  surface  was  significantly  curvi- 
linear (p  <0.06)  (fig.  6).     Depending  on  fertilizer  rate,  gross  growth  on  fertilized 
plots  averaged  55  to  109  percent  greater  than  that  on  control  plots.    Corresponding  gains 
in  volume  growth  averaged  515  to  1,012  cubic  feet  and  increased  with  nitrogen  dosage. 
The  average  increase  following  the  140-N  dosage  was  equivalent  to  a  temporary 
improvement  of  site  quality  by  one  site  class  (30  feet  on  a  100-year  basis). 

The  response  surface  was  better  described  by  a  cuxwed  than  a  straight  line. 
For  example,  the  adjusted  treatment  means  before  smoothing  clearly  showed  that 
volumes  gained  from  the  three  dosages  gradually  declined  from  3.4  through  3.0  to 
2.3  cubic  feet  per  pound  of  nitrogen  applied.     Thus  far,  the  optimum  dosage  of 
ammonium  nitrate  for  gross  volume  production  on  this  area  is  near  140  pounds  of 
nitrogen  per  acre.     To  define  the  present  or  future  response  surface  precisely  will 
require  another  experiment  using  narrower  intervals  of  dosage  and,  if  possible, 
more  replications  per  dosage. 


Table  4. --Gross  volume  growth  by  treatment,  7-year  period,  per  acre  basis 


Mean 


Treatment— 

2/ 
and  plot— 

Initial 

stand 

Volume  growth 

CVTS-7 

CV4^ 

CVTS-7 

CV4^-7 

Unadjusted     |  Adjusted-7 

Unadjusted— 

Adjusted-7 

0: 
7 

1,617 

781 

772                                                685 

1 

1,842 

954 

859                                                931 

5 

2,282 

1,087 

1,125 

1,296 

1,914 


941 


91  y 


930 


971 


1,023 


140: 


3 

1,446 

650 

1,163 

9 

1,878 

811 

1,249 

8 

2,214 

1,215 

1,652 

Mean 


1,846 


892 


1,355 


,445 


1,180 
1,331 
1,668 

1,393 


1,412 


280: 


2 

1,793 

8  39 

1,583 

12 

1,904 

608 

1,944 

11 

2,470 

1,560 

2,133 

Mean 


2,056 


1,002 


1,887 


1,782 


1,694 
2,126 
2,172 

1,997 


1,801 


420: 


6 

1,767 

964 

1,648 

4 

1,807 

668 

1,841 

10 

2,267 

1,002 

2,329 

Mean 


1,947 


878 


1,939 


1,942 


1,685 
2,042 
2,471 

2,066 


2,190 


1/ 

2/ 


Pounds  of  nitrogen  per  acre. 


—  Cubic  volume  of  total  stem  of  all  trees  1.5-inch  d.b.h.  and  larger. 

3/ 

—  Plots  are  arranged  within  treatment  in  ascending  order  of  initial  total  cubic  volume. 

4/ 

— '  Cubic  volume  to  a  4.0-inch  top  d.i.b.  of  trees  5.6-inch  d.b.h.  and  larger. 

5/ 

—  Adjusted  to  a  common  initial  plot  volume  for  all  treatments  and  smoothly  curved 

over  N  dosage. 

— '  Neither  the  covariate  nor  quadratic  response  surface  proved  significant;  p  <  0.27 
and  0.27,  respectively;  smoothed  by  linear  regression. 


The  volume  increases  after  fertilizing  this  plantation  exceed  those  predicted 
for  comparable  nitrogen  dosages  applied  in  similarly  aged  but  natural  stands  on 
site  class  82  (Site  V)  land  in  the  Puget  Sound  lowlands  (Gessel  et  al.   1969). 


Gessel  et  al.  (1969) 
Treatment  Growth  Gain 


(Cubic  feet) 

0 

1,062 

140 

1,359                      297 

280 

1,555                      493 

420 

1,666                      604 

This 

study 

Growth 

Gain 

(Cubic  fee 

t) 

930 

-- 

1,445 

515 

1,782 

852 

1,942 

1,012 

In 


2,400 


-   2.000 


1,600 


1,200    _ 


800 


400 


Gross  growth  (adjusted)  = 
930  0  ♦  4  31  N-0  0045N2 

Net  growth  (adjusted)  = 

784  1  +  4  22  N-0  0068N' 


0  140  280  420 

NITROGEN  APPLIED  (POUNDS  PER  ACRE) 


Figure   6. — Total   gross  and  net   volume  growth 
for  a    7-year  period  by  plot   and   treatment , 


Although  predicted  growth  for  their  untreated  stands  (1,  06k!  cubic  feet)  is  unexplain- 
ably  so  much  more  than  the  735  cubic  feet  predicted  for  normal,    natural  stands 
(Staebler  1955),    this  possible  overestimate  of  growth  should  also  apply  to  their 
growth  estimates  for  treated  stands.     Average  gains  predicted  by  them  for  compar- 
able rates  of  nitrogen  and  a  comparable  7-year  period  are  about  60  percent  of  those 
attained  in  this  study. 

Change  in  gross  merchantable  volume. —  Increase  in  CV4  (cubic  volume  to  a 
4.0-inch  top  d.  i.b.  of  trees  5.  6- inch  d.b.h.  and  larger)  was  also  accelerated  by 
nitrogen  (table  4).     An  additional  389  to  1, 167  cubic  feet  of  merchantable  wood  was 
produced  in  fertilized  stands,  relative  to  unfertilized  stands,  during  the  7-year  period: 

Average  gain  in  gross  CV4  increment 

Treatment  Cubic  feet  Percent 


140  N 
280  N 
420  N 


389 

778 

1,  167 


38 
76 

114 


11 


The  accumulation  of  merchantable  volume  accelerated  from  increased  growth 
alter  treatment,  as  well  as  reclassification  of  nonmerchantable  volume  that  existed 
before  treatment.    Potentially,  treatment  can  accelerate  merchantable  volume  accu- 
mulation when  any  of  the  following  occurs.     (1)  More  growth  is  added  to  portions  of 
merchantable  stems.     (2)  Diameter  growth  of  nonmerchantable  trees  is  increased, 
so  they  more  quickly  reach  merchantable  size  (5.6-inch  d.b.h.   in  this  study);  upon 
attaining  this  merchantable  d.b.h. ,  the  total  merchantable  stem  volume  (about  2.7 
cubic  feet),  not  just  growth  since  treatment,  is  classified  as  "growth.  "    (3)  Height 
growth  is  increased  so  a  longer  merchantable  stem  results;  part  of  the  gain  in  mer- 
chantable volume  from  increased  length  of  merchantable  stem  is  from  reclassifica- 
tion of  previous  nonmerchantable  wood.     In  this  study,  more  merchantable  volume 
undoubtedly  resulted  from  accelerated  height  and  diameter  growth.    It  is  doubtful, 
however,  that  fertilization  accelerated  movement  into  merchantable  d.b.h.  classes. 
Although  more  ingrowth  into  merchantable  classes  occurred  on  fertilized  stands 
following  the  280-  and  420-N  treatments,  there  were  initially  more  such  trees 
potentially  available  as  ingrowth  (table  5). 


Table  5. --Number  and  proportion  of  larger  than  specified  d.b.h.   class   trees 
at  ages  37  and  44,   by  treatment- 


2/ 
Treatment- 


Initial   live  stand 


2- inch  + 
d.b.h. 


6-inch  + 
d.b.h. 


Merchantable  ingrowth 
during  7  years 


Potential  I  Actual 


Died 


Live 


Final  live  stand 


3/ 


2-inch  + 
d.b.h. 


6-inch  + 
d.b.h. 


0 

600 

273 

327     107 

7 

100 

507 

373 

140 

573 

273 

300     107 

7 

100 

507 

367 

280 

627 

213 

413     160 

13 

147 

433 

353 

420 

620 

233 

387     160 

Percent  of 

i/33 

4(1 

120 

393 

333 

0 

46 

y6 

74 

140 

48 

36 

6 

72 

280 

34 

39 

8 

82 

420 

3S 

41 

25 

85 

— '  Merchantable  trees  =  trees  5.6-inch  d.b.h.  and  larger;  total  trees  =  trees  1.5-inch 
d.b.h.  and  larger. 

2/ 

—  Pounds  of  nitrogen  per  acre. 

3/ 

Totals  may  not  agree  because  some  of  the  original  6-inch+  d.b.h.  trees  subsequently 

4/ 

— '  Percent  of  potential  ingrowth. 

5/ 

—  Percent  of  actual  ingrowth. 


died. 


VI 


Continued  Response  Is  Predictable  From  Trends  of  Annual  Volume  Growth 


Mean  annual  growth  in  CVTS  of  fertilized  stands  exceeded  that  of  unfertilized 
stands  during  each  measurement  period  after  fertilizing  (fig.   7). 

When  did  response  start? — A  statistically  significant  response  to  all  nitrogen 
dosages  occurred  during  the  2-year  period  following  fertilization.    Although  the  trees 
were  not  remeasured  after  the  first  growing  season,   increment  cores  showed  a 
definite  response  in  radial  growth  during  the  first  year  after  treatment. 

Why  fluctuations  in  annual  growth? — Yearly  volume  growth  on  both  treated 
and  untreated  stands  progressed  in  a  harmonic,  up-down  trend  (fig.   7);  years  of 
minimum  and  maximum  growth  on  fertilized  plots  corresponded  to  those  of  the  con- 
trol.    Gessel  et  al.  (1969)  reported  similar  patterns  of  annual  basal  area  growth  in  40- 
year-old,  Site  IV  Douglas-fir  near  Shelton,   Washington.     They  regarded  these  as 
normal  cyclic  trends  and  also  noted  that  growth  of  fertilized  and  unfertilized  stands 
fluctuated  similarly. 

It  seemed  likely  that  fluctuations  in  cubic- volume  growth  in  a  given  year  should 
be  related  to  growing  season  precipitation  of  that  year.     However,  a  comparison  of 
yearly  trends  of  growth  on  control  plots  and  rainfall  during  April  through  October  as 
measured  at  the  nearest  weather  station  failed  to  reveal  a  simple  relationship  (fig.   7). 
Unfortunately,  we  have  insufficient  information  to    evaluate  precisely  other  explana- 
tions. 

When  did  response  peak? — Volume  responses  apparently  peaked  2  years 
earlier  with  140  pounds  N  per  acre  than  those  with  heavier  applications  (fig.   7). 
With  140  N,  peak  annual  growth  occurred  in  the  third  year  and  peak  gain  (over  the 
control),  in  the  fourth  year.     With  280  and  420  pounds  N  per  acre,  peak  annual 
growth  was  in  the  fifth  growing  season,  and  gain  was  as  great  or  greater  in  the  sixth 
year  as  in  the  fourth.     Thus,  with  higher  dosages,  growth  continued  at  near-peak 
levels  for  several  years;  in  contrast,  growth  with  the  140- N  treatment  declined 
rapidly  after  culmination. 

Peak  response  after  heavy  dosage  of  N  in  this  study  area  was  more  prolonged 
than  that  in  a  40-year-old  stand  on  gravelly  soil  of  the  Puget  Sound  lowlands  (Gessel 
et  al.   1969).     Following  application  of  300  pounds  N  per  acre,  volume  response 
culminated  in  years  4  and  5  and  declined  rapidly  thereafter.     There  was  practically 
no  further  response  in  years  7  and  8. 

What  is  the  duration  of  response? —  The  duration,  as  well  as  magnitude, 
of  response  to  nitrogen  fertilizer  in  this  stand  will  probably  depend  on  the  nitrogen 
dosage  (fig.   7).     Seven  years  after  treatment,  the  response  is  still  evident;  the  gain 
in  the  seventh  growing  season  was  19,   82,  and  99  percent  with  140,  280,  and  420 
pounds  of  nitrogen  per  acre,  respectively.    Although  the  effects  of  fertilizing  with 
140  N  are  likely  to  end  within  10  years  after  treatment,  those  with  heavier  applica- 
tions are  likely  to  continue  several  years  longer. 
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Figure   7. — Trends  of  gross   total    volume  growth  and  estimated  rainfall 
during  the  growing  season:      Top,    Growth  adjusted  for  differences 
in   initial   volume,    total   stand  in   axis;      bottom,    percent   gain. 
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Response  to  nitrogen  at  this  study  area  may  last  longer  than  that  in  Douglas-fir 
stands  on  gravelly  soils  of  the  Puget  Sound  lowlands,  where  durations  exceeding  12 
years  following  a  single  application  of  nitrogen  fertilizer  have  been  measured  (Handley 
and  Pienaar  1972).—/    Heilman  (1971)  also  found  that  duration  of  response  depended 
on  the  amount  of  fertilizer  applied.     For  nine  areas  in  southwest  Washington,  he 
estimated  that  duration  of  response  to  a  single  application  averaged  5  years  with  200  N 
and  7  years  with  400  N. 

Summary.  —  Ammonium  nitrate  fertilizer  increased  gross  cubic  volume  growth 
each  year  during  the  7  years  following  treatment.    As  the  dosage  increased  from  140 
through  280  to  420  pounds  of  nitrogen  per  acre,  (1)  annual  increment  increased,  (2) 
peak  annual  growth  occurred  later  and  continued  longer,  and  (3)  duration  of  response 
will  probably  be  extended  by  several  years. 

Mortality  Volume  Was  Increased  by  Heavy  Dosages  of  l\l 

Application  of  280  or  more  pounds  of  nitrogen  increased  mortality  losses  in 
total  and  merchantable  volume  (table  6).     Following  treatment  with  280  or  420  pounds 
N,  there  was  a  two-  and  four-fold  increase,  respectively,  in  total  mortality  volume 
(CVTS)  during  the  7-year  period.     Most  losses  occurred  in  nonmerchantable  volume. 
An  average  of  less  than  1  percent  of  mortality  was  merchantable  volume  on  control 
plots  compared  with  22  to  28  percent  on  fertilized  plots. 

Net  Cubic-Volume  Growth  Was  Greatest  With  280  Pounds  l\l 

Although  gross  growth  in  CVTS  and  CV4  increased  with  increasing  nitrogen 
dosage,  so  did  mortality.     Consequently,  net  growth  in  both  volume  standards  was 
greatest  with  280  pounds  N. 


2J  Personal  communication  with  Stanley  P.  Gessel,  Professor,  University  of  Washing- 
ton, in  March  1972. 


Table  6. --Average  volume  of  mortality,   1964  through  1970,   per  acre  basis 


tl/ 

CVTS-/ 

CV4-7 

Treatmer 

Cubic 
feet 

Percent  of 
unfertilized 

Percent  of 
gross  growth 

Cubic 
feet 

Percent  of 
unfertilized 

Percent  of 
gross  change 

0 

146 

100 

16 

i'o 

100 

0 

140 

203 

139 

14 

44 

u. 

3 

280 

349 

239 

20 

96 

(»> 

5 

420 

583 

399 

30 

1  48 

,n 

7 

—  Pounds  of  nitrogen  per  acre. 

2/ 

— '  Cubic  volume  of  total  stem,  trees  1.5-inch  d.b.h.  and  larger,  mortality 

volume  based  on  adjusted  gross  and  net  CVTS. 

-  Cubic  volume  to  a  4.0-inch  top  d.i.b.,  trees  5.6-inch  d.b.h.  and  larger. 

— '  Some  mortality  in  CV4  did  occur  in  0-N  plots;  however,  the  mathematical, 
linear  fit  to  treatment  means  removed  this. 
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Net  volume  growth  of  the  total  stand.  —  Depending  on  amount  of  applied 
nitrogen,  net  CVTS  growth  on  fertilized  plots  averaged  458  to  649  cubic  feet  per 
acre  or  58  to  83  percent  more  than  that  on  control  plots  during  the  7-year  period 
(fig.  6).    The  response  surface  was  significantly  curvilinear  (p  <0.03). 

Net  change  in  merehantable  volume. — CV4  volume  of  the  live  stand  increased 
by  an  additional  336  to  1,010  cubic  feet  per  acre  or  33  to  98  percent  after  fertilizing: 

Net  gain  in  CV4 

Treatment  Cubic  feet  Percent 

140  N  336  33 

280  N  673  65 

420  N  1,010  98 

CONSIDERATIONS  FOR  THE  LAND  MANAGER 

WHAT  RATES  OF  NITROGEN  SHOULD  BE  USED? 

In  this  study  area,  magnitude  and  duration  of  response  in  gross  cubic  volume 
were  related  positively  to  amount  of  ammonium  nitrate  applied.    Response  to  the 
140-N  treatment  appears  nearly  complete  after  seven  growing  seasons;  however, 
response  to  double  and  triple  dosages  have  not  yet  ended,  so  we  cannot  yet  accurately 
compute  fertilizer  efficiency  and  thus  optimum  dosage. 

Intensity  of  stand  management  or  risk  from  winter  breakage  may  be  other  bases 
for  deciding  the  appropriate  nitrogen  dosage  for  specific  stands.     One  could  use  small 
dosages  in  accessible,  intensively  managed  stands  and  larger  dosages  in  less  access- 
ible stands.     In  this  study  area,  dosages  of  280  and  especially  420  pounds  of  N  per 
acre  increased  risk  of  winter  breakage  and  mortality.     In  similar  areas  prone  to 
winter  breakage,  foresters  may  choose  to  adjust  nitrogen  dosage  to  increase  or 
decrease  winter  breakage  and  mortality;  they  may  wish  to  increase  this  breakage 
in  overstocked  stands  and  minimize  it  in  understocked  stands.     To  minimize  winter 
breakage,  Nebe  (1970)  suggested  restricting  fertilizing  to  stands  having  a  uniform 
crown  canopy  and  regularly  shaped  crowns.     Even  when  such  stand  conditions  do 
exist — as  in  our  plantation — silviculturists  should  avoid  sudden  stimulation  of  a  heavy 
foliage  complement  by  heavy  dosages  of  nitrogen. 

Treatment  cost,  per  pound  of  nitrogen  applied,   is  likely  to  decline  slightly,  if 
dosage  per  application  is  increased  from  140  to  420  pounds  N  per  acre.    At  dosages 
of  150  and  200  pounds  N  per  acre  as  urea  prill,  contractors  will  commonly  supply 
fertilizer  and  helicopters  to  fertilize  large  forested  areas  (approximately  1,000 
acres  or  more)  for  about  $0.  11  per  pound  of  N  (Strand  and  Miller  1969).     Increasing 
dosage  would  increase  construction  and  operational  costs  of  each  heliport;  however, 
these  costs  would  be  apportioned  to  a  larger  tonnage  of  fertilizer.     The  increase  in 
costs  are  likely  to  be  proportionately  less  than  the  increase  in  dosage;  therefore, 
costs  per  pound  of  N  applied  from  each  heliport  would  decrease  as  dosage  increased. 
Assuming  that  increased  dosage  would  not  affect  the  acreage  treated  from  each  heli- 
port, and  thus  the  number  of  heliports  needed,  then  costs  of  changing  heliports  would 
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be  apportioned  to  a  larger  tonnage  of  fertilizer  and  further  reductions  in  costs  per 
unit  of  N  would  result.     More  reduction  is  possible  if  increasing  dosage  encouraged 
use  of  more  efficient  equipment  or  increased  competition  among  bidders.  —' 

WHAT  SOURCE  OF  NITROGEN  SHOULD  BE  USED? 

We  do  not  know  if  comparable  gains  in  volume  growth  would  have  been  obtained 
in  this  study  had  a  nitrogen  source  other  than  ammonium  nitrate  been  used.     Most 
nitrogen  fertilizer  currently  applied  to  forests  in  the  Pacific  Northwest  is  urea, 
primarily  because  its  higher  concentration  (46-percent  N)  insures  a  greater  net 
payload  than  do  other  fertilizers  such  as  ammonium  nitrate  (34-percent  N).     There 
is  concern,  however,  that  urea  applications  during  dry,  warm  weather  can  lead  to 
gaseous  losses  of  N  (Watkins  et  al.   1972)  and  reductions  in  the  amount  available  for 
growth.     Currently,  there  is  insufficient  evidence  from  tests  in  Douglas-fir  to  specify 
circumstances  where  the  various  nitrogen  fertilizers  will  differ  in  response  per 
pound  of  nitrogen  applied. 

FERTILIZER  CAN  INCREASE  USABLE  YIELDS 

Where  natural  productivity  is  restricted  by  nutrient  deficiencies,  fertilizers 
can  increase  usable  yields  per  acre  and  enable  the  land  manager  to  make  earlier 
commercial  thinnings  or  final  harvests.     Fertilizer  can  increase  the  amount  and 
advance  the  timing  of  yields  in  several  ways. 

1.  By  supplying  a  growth-limiting  factor  and  thus  improving  natural  site 
productivity.     Field  trials  have  demonstrated  that  insufficient  available  nitrogen 
can  limit  maximum  growth  on  Sites  I  through  V  (Strand  and  Miller  1969). 

2.  By  stimulating  growth  of  upper  crown  classes  more  than  that  of  lower 
classes.     We  found  this  in  our  diameter  growth  analysis. 

3.  By  accelerating  diameter  growth  of  small  trees  and  thus  rate  of  ingrowth 
into  merchantable  size  classes.     We  found  no  strong  evidence  for  this  in  our  study. 

4.  By  accelerating  the  natural  rate  of  mortality  of  smaller  trees  in  Douglas- 
fir  stands  through  suppression  (Crossin  et  al.   1966>2/  or  through  differential  winter 
breakage  and  mortality,  as  found  in  this  study.     Even  on  nutrient-deficient  sites, 
however,  it  is  unlikely  that  the  release  provided  by  fertilizer-  induced  mortality 

will  be  as  effective  in  stimulating  growth  of  crop  trees  as  that  provided  by  mechanical 
or  chemical  thinning  methods. 

Besides  affecting  volume  growth,  fertilizer  can  also  affect  wood  quality.    A 
major  concern  is  that  increasing  tree  ring  width  lowers  specific  gravity  of  the  wood. 
Potentially,  reduced  specific  gravity  lowers  structural  strength  and  pulp  yield  per 
unit  volume  (Larson  1968).     In  Douglas-fir,  average  specific  gravity  is  generally 


— '  Personal  correspondence  with  Robert  Bergland,  Forester,  Washington  Department 
of  Natural  Resources,  in  June  1972. 

—  '  Unpublished  data  (Black  Rock  Fertilizer  Study)  on  file  at  the  Forestry  Sciences 
Laboratory,  Olympia,  Washington. 
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reduced  after  fertilization  with  nitrogen  alone  or  in  combination  with  other  elements. 
Maximum  reductions  of  8  percent  (Erickson  and  Lambert  1958)  and  10  percent 
(Siddiqui  et  al.   1972)  have  been  reported.     Two  recent  studies  in  Douglas-fir  have 
shown  that  fertilization  improved  fiber  and  paper  quality  despite  substantial  increases 
in  volume  growth  (Gladstone  and  Gray  1973).     In  assessing  the  effects  of  fertilization 
on  wood  quality  and  quantity,  the  net  effects  of  changes  in  wood  quality  must  be  offset 
by  the  value  of  additional  wood  volume  beyond  that  necessary  to  cover  the  cost  of 
fertilization.     If  pulp  yields  or  pulp  properties,  or  lumber  grades  and  recoveries, 
are  not  affected  adversely  by  treatment,  then  volume  increases  due  to  fertilizer  may 
be  accepted  as  a  valid  measure  of  gain  from  treatment  (Gladstone  and  Gray  1973). 

COMBINATION  OF  FERTILIZING  AND  THINNING 
HOLDS  PARTICULAR  PROMISE 

Some  of  the  growth  increases  from  fertilization  will  be  in  trees  or  portions  of 
trees  which  remain  nonmerchantable.     This  is  particularly  true  in  young,  natural 
stands  on  low  quality  sites.     To  increase  the  usable  gains  from  fertilizing,  there  is 
a  need  to  concentrate  growth  on  fewer  trees.     The  land  manager  can  accomplish  this 
by  combining  fertilizing  and  thinning. 

Similarly,  the  benefits  from  thinning  can  be  increased  by  combining  this  practice 
with  fertilizing.     Thinning  generally  results  in  a  temporary  loss  of  full  site  occupancy; 
however,  foresters  believe  that  this  reduction  in  total  growth  per  acre  is  usually 
offset  by  the  increased  growth  added  to  crop  trees.     One  extreme  case  of  growth 
reduction  following  thinning  occurred  within  0. 1  mile  of  our  study  area  and  in  a  por- 
tion of  the  same  plantation.     For  6  years  after  the  stand  was  thinned  from  650  to  350 
or  fewer  stems  per  acre,  basal  area  growth  per  acre  was  roughly  proportional  to 
growing  stock;  growth  on  the  most  lightly  thinned  plots  averaged  63  percent  of  control 
growth.—/    Based  on  our  study  results  in  the  same  plantation,  we  assume  that  appli- 
cation of  nitrogen  fertilizer  before  or  after  thinning  would  have  stimulated  growth  of 
residual  trees  and  increased  per  acre  production. 

In  another  study  area  on  the  Olympic  National  Forest,  we  fertilized  previously 
thinned  portions  of  a  Site  IV  stand  of  Douglas-fir.     During  the  2  years  after  fertilizing, 
basal  area  growth  of  the  thinned  and  fertilized  stand  was  nearly  equal  to,  and  that  of 
the  thinned-only  stand  only  one-half,  that  of  the  unthinned  stand.!/    Thus,  on  nutrient- 
deficient  sites,  fertilizer  is  a  means  for  lessening  temporary  reductions  in  total 
growth  following  thinning  as  well  as  for  further  increasing  the  growth  added  to  re- 
leased crop  trees. 


—    D.   L.  Reukema.     1959.    Unpublished  report  on  the  Planting  Creek  increment  spacing 


7/ 

-    Unpublished  data  (Rocky  Brook  Fertilizing- Thinning  Study)  on  file  at  the  Forestry 


study.     Copy  on  file  at  the  Forestry  Sciences  Laboratory,  Olympia,  Washington.     10  p. 

7/ 

-    Unpublished  data  (Rocky  Brook  Fei 

Sciences  Laboratory,  Olympia,  Washington 
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EFFECT  OF  NITROGEN  FERTILIZATION 
ON  WATER  QUALITY 

The  increasing  use  of  nitrogen  fertilizers  in  the  Pacific  Northwest  to  increase 
forest  growth  has  triggered  concerns  about  the  effects  of  this  practice  on  environ- 
mental quality,  specifically  a  concern  for  excessive  nitrogen  in  surface  and  ground 
water.     In  response  to  this  concern,  stream  waters  flowing  from  numerous  forested 
watersheds  in  western  Washington  and  Oregon  have  been  analyzed  before  and  after 
applications  of  150  to  200  pounds  of  N  per  acre  as  urea  fertilizer.     Such  applications 
have  not  resulted  in  toxic  levels  of  urea-,  ammonia-,  nitrite-,  or  nitrate-nitrogen 
in  streams  draining  treated  areas  during  the  first  year  after  treatment  (Moore  1972). 
Most  research  results  indicate  that  direct  application  to  surface  waters  is  the  princi- 
pal means  of  entry  of  fertilizers  and  other  chemicals  to  forest  streams  (Norris  and 
Moore  1972).    Although  additional  information  is  needed  about  the  effects  of  repeated 
fertilization  to  the  same  area  and  other  nitrogen  carriers,  such  as  ammonium  nitrate, 
available  information  suggests  that  little  environmental  damage  appears  possible  if 
fertilizer  is  carefully  broadcast  at  current  dosages  and  intervals  on  the  forested 
lands  (Tarrant  et  al.   1973). 
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APPENDIX 


PRETREATMENT  CONDITIONS 


Stand.  —  Planted  in  spring  1929  with  1-1  Douglas-fir  from  an  offsite,  Roy, 
Washington,   seed  source, .i/  the  stand  was  37  years  old  when  fertilized  in  April  1964. 
Spacing  in  the  original  planting  averaged  8  by  8  feet  or  about  680  trees  per  acre. 
Prior  to  fertilizing,  plots  averaged  604  live  trees  per  acre  and  94.  5  square  feet  of 
basal  area  (table  7).     Site  index  averaged  82  and  ranged  from  75  to  90  feet  (height  at 
age  100).    Basal  area  per  acre  in  all  of  these  plots  was  below  normal  standards 
(McArdle  et  al.   1961).     Expressed  as  a  percent  of  normal  for  the  indicated  site  index 
for  each  plot,  stocking  among  plots  before  1964  growing  season  ranged  from  65  to 
98  percent  of  full  stocking,   averaging  80  percent. 


— '   Written  correspondence  with  Tom  Atzet,  District  Forester,  GLfford  Pinchot  National 
Forest,  on  February  23,   1973. 


Table  7. --Stand  conditions  prior  to  fertilizing,  total   stand,   per  acre  basis 
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65 

12 

720 

77 

95.4 

89 

11 

580 

ftft 

112.8 

ft  7 

Mean 

627 

85 

98.2 

79 

420: 

6 

540 

ft  4 

84.8 

70 

4 

620 

ftl 

89.1 

77 

10 

700 

Hft 

109.2 

85 

Mean 

620 

ft  4 

94.4 

77 

All  treatments: 

Mean 

604 

82 

94.5 

HO 

—  Pounds  of  nitrogen  per  acre. 

2/ 

-  Plots  are   arranged  within  treatment  in  ascending  order  of  initial 

cubic  volume. 

3/ 

-'  Richard  E.  McArdle,  Walter  H.  Meyer,  and  Donald  Bruce.  The  yield 

of  Douglas  fir  in  the  Pacific  Northwest.  U.S.  Dep.  Agric.  Tech.  Bull.  201, 

74  p.,  ill  us.,  1961. 
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Location. — The  study  area  is  located  3.5  miles  northwest  of  the  Wind  River 
Ranger  Station  near  Carson,   Washington,   at  an  elevation  of  approximately  2,000  feet. 
Topography  is  relatively  uniform,  with  northwest  aspect  and  slopes  ranging  from  15 
to  30  percent.     The  plantation  lies  on  the  east  edge  of  the  294,000-acre  Yacolt  Burn 
in  an  area  that  was  swept  by  wildfires  in  1902  and  1927. 

Climate. —  Based  on  weather  records  (1956  through  1965)  from  the  Wind  River 
Ranger  Station,  900  feet  lower  in  elevation  than  the  study  area,  annual  precipitation 
averages  96  inches  with  26  percent  falling  during  the  April  through  October  period 
(Pacific  Northwest  River  Basins  Commission  Meteorology  Committee    1969).     Poten- 
tial evaporation  during  the  summer  months  greatly  exceeds  summer  precipitation, 
so  trees  in  the  study  area  are  subjected  to  summer  moisture  stress  characteristic 
of  western  Washington  and  Oregon. 

Most  precipitation  falls  between  growing  seasons  as  rain,  snow,  or  a  mixture. 
Winter  temperature  is  normally  near  or  above  freezing;  thus  ice  accretion  as  glaze 
or  rime  is  likely  to  occur. 

Soils.  —  The  soil  in  the  study  area  is  moderately  deep  and  well-drained;  it 
is  derived  from  andesitic  or  rhyodacitic  pyroclastic  rocks  of  the  Ohanapecosh  Forma- 
tion from  early  Tertiary  times  (Wise  1970).       Surface  horizons  contain  some  pumice 
and  basaltic  gravel  from  recent  Pleistocene  time.     This  soil  (Number  87}  has  been 
mapped  on  nearly  10,000  acres  of  the  Gifford  Pinchot  National  Forest. 9/     Morpho- 
logically related  soils  cover  an  additional  23,000  acres  of  the  Forest. 

Surface  soil  on  the  study  plots  has  fine  gravelly  loam  texture  and  granular 
structure;  below  the  6-  to  17-inch  depth,  the  soil  has  a  clay-loam  texture  and  strong, 
sub  angular  blocky  structure.    Roots  are  abundant  in  the  surface  layer,  but  sparse 
below  3  feet.     The  soil  contains  approximately  3,000  pounds  of  total  nitrogen  per 
acre  to  a  3-foot  depth  (Tarrant  and  Miller  1963).     This  amount  is  about  average  for 
low  productivity  lands  in  western  Washington;  probably  less  than  5  percent  of  this 
total  is  available  for  vegetative  use  each  year  (Stevenson  1964,  Pesek  et  al.   1971). 

EXPERIMENTAL  DESIGN  AND  TREATMENT 

In  April  1964,  ammonium  nitrate  (33.5-percent  N)  was  applied  to  0.  15- acre 
circular  plots  at  rates  of  140,  280,   and  420  pounds  of  N  per  acre.—/    Each  treat- 
ment was  replicated  on  three  plots.     Three  control  plots  were  also  included  in  this 
completely  randomized  experimental  design. 


-    Written  correspondence  with  LeRoy  Meyers,  Soil  Scientist,  U.  S.   Forest  Service 
Region  G,  on  December  28,  1971. 

— '  Rates  of  nitrogen  application  were  previously  reported  (Reukema  19G8)  as  200,  400, 
and  GOO  pounds  of  nitrogen  per  acre.  Subsequently,  we  found  that  a  larger  plot  area  had  been 
actually  treated  and  thus  rates  were  140,   280,   and  420  pounds. 
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MEASUREMENTS  AND  VOLUME 
DETERMINATION 

Trees  were  measured  on  a  0.  05- acre  circular  plot  centered  within  the  treated 
plot.     Trees  were  initially  measured  after  the  1963  growing  season,  subsequently 
measured  after  two  growing  seasons,  and  then  measured  annually  through  1970.     At 
each  measurement,  d.b.h.  was  measured  on  all  trees  and  total  height  determined 
on  a  subsample  of  seven  to   15  trees  per  plot  distributed  over  the  range  of 
diameters,  11/  but  with  two-thirds  of  the  subsample  larger  than  average  d.b.h. 

Local  volume  tables  for  plot  volume  estimation  were  derived  by  means  of  the 
tarif  system  (Turnbull  et  al.   1963).     Tarif  numbersl^/ were  obtained  from  Hoyer 
(1966).    For  each  treatment  level,  an  average  tarif  number  was  computed  based  on 
more  than  30  trees  which  had  been  measured  for  total  height  in  1963,   1967,  and 
1970.     Average  tarif  numbers  for  intervening  years  were  obtained  by  graphic  inter- 
polation.   The  average  tarif  number  of  each  treatment  level  was  used  to  calculate 
plot  volumes  at  each  inventory.     Initially,  the  average  tarif  numbers  among  treat- 
ment levels  ranged  between  24.  3  and  25.  5.    By  the  end  of  the  seventh  growing  season 
after  treatment,  the  range  had  widened  to  between  26.  8  and  28.9,  with  larger  in- 
creases associated  with  the  higher  fertilizer  levels. 


— '  Initially,  height  was  measured  on  seven  trees  per  plot.    After  the  1967  growing 

season,  the  height  sample  was  increased  to  15  trees  per  plot  and  the  1963  height  of  the 

supplemental  trees  was  measured  when  possible. 

12/ 

—  Tarif-volume  equations  provide  a  series  of  harmonized  volume/d.b.h.  curves,  each 

indexed  by  a  tarif  number.    The  tarif  number  is  the  cubic  volume  (from  stump  to  a  4-inch  top) 
for  a  tree  of  1.  0  square  foot  of  basal  area. 
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The  mission  of  the  PACIFIC  NORTHWEST  FOREST 
AND  RANGE  EXPERIMENT  STATION  is  to  provide  the 
knowledge,  technology,  and  alternatives  for  present  and 
future  protection,  management,  and  use  of  forest,  range,  and 
related  environments. 

Within  this  overall  mission,  the  Station  conducts  and 
stimulates  research  to  facilitate  and  to  accelerate  progress 
toward  the  following  goals: 

1.  Providing  safe  and  efficient  technology  for  inventory, 
protection,  and  use  of  resources. 

2.  Development  and  evaluation  of  alternative  methods 
and  levels  of  resource  management. 

3.  Achievement  of  optimum  sustained  resource  produc- 
tivity consistent  with  maintaining  a  high  quality  forest 
environment. 

The  area  of  research  encompasses  Oregon,  Washington, 
Alaska,  and,  in  some  cases,  California,  Hawaii,  the  Western 
States,  and  the  Nation.  Results  of  the  research  will  be  made 
available  promptly.  Project  headquarters  are  at: 


Fairbanks,  Alaska 
Juneau,  Alaska 
Bend,  Oregon 
Corvallis,  Oregon 
La  Grande,  Oregon 


Portland,  Oregon 
Olympia,  Washington 
Seattle,  Washington 
Wenatchee,  Washington 


Mailing  address:    Pacific  Northwest  Forest  and  Range 
Experiment  Station 
P.O.  Box  3141 
Portland,  Oregon  97208 


The  FOREST  SERVICE  of  the  U.  S.  Department  of  Agriculture 
is  dedicated  to  the  principle  of  multiple  use  management  of  the 
Nation's  forest  resources  for  sustained  yields  of  wood,  water, 
forage,  wildlife,  and  recreation.  Through  forestry  research,  co- 
operation with  the  States  and  private  forest  owners,  and  man- 
agement of  the  National  Forests  and  National  Grasslands,  it 
strives  -  as  directed  by  Congress  -  to  provide  increasingly  greater 
service  to  a  growing  Nation. 
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ABSTRACT 

This  report  describes  an  improved  system  for  estimating  the  lumber  selling  value  or 
volume  of  western  white  pine  sawtimber. 

Of  298  trees  selected  to  represent  the  full  range  in  size  and  quality  of  commercial  saw- 
timber  available  in  northern  Idaho,   192  were  used  to  develop  a  prediction  model  for  estimat- 
ing the  value  and  lumber  tally  volume  of  individual  western  white  pine  trees.    Of  the  remaining 
106  trees,  seven  were  culls  and  99  were  used  to  test  the  prediction  equation. 

The  model  developed  contains  six  tree  characteristics: 

1.  Tree  diameter 

2.  Tree  height 

3.  Height  to  the  first  live  limb 

4.  The  number  of  limb-free  and  defect-free  faces  in  the  butt  16-foot  log 

5.  Diameter  of  the  largest  limb  in  the  butt  16-foot  log 

6.  Total  tree  defect  percent. 

The  prediction  equation,  using  those  six  characteristics,  accounts  for  94  percent  of  the 
variation  in  tree  value  and  95  percent  of  the  variation  in  lumber  tally  volume  as  measured  by 
the  regression  R2  values. 

A  test  of  the  system  indicated  that  the  prediction  underestimated  the  value  of  all  trees 
by  6.  5  percent  and  underestimated  the  lumber  tally  volume  by  2.  7  percent. 

The  system  is  faster  and  more  objective  than  log  grading  and  has  the  additional  advantage 
of  eliminating  grouping  error  by  being  a  continuous  predictor. 

Keywords:    Western  white  pine,  tree  value  estimates,  tree  volume  estimates  , 
grading  system. 


INTRODUCTION 

This  paper,  written  primarily  for  timber  appraisers,  describes  an  improved 
system  for  estimating  the  lumber  selling  value  or  volume  of  individual  tracts  of 
western  white  pine  (Pinus  monticola  Dougl. )  sawtimber.     It  is  similar  to  one  de- 
scribed earlier  by  Lane,   Plank,  and  Henley. 

Conventional  systems  for  appraising  the  value  of  western  white  pine  sawtimber 
incorporate  volume  and  quality  estimates  of  the  resource.     The  estimate  of  quality 
has  generally  been  in  the  form  of  discrete  log  grades.     These  log  grades  have  often 
proven  to  be  inadequate  for  a  number  of  reasons: 

1.  Application  is  slow  and  thus  expensive .      The  timber  cruiser  is  required  to 
scrutinize  each  16-foot  log  throughout  the  merchantable  stem. 

2.  Application  is  difficult,   subjective,   and  thus  inconsistent.        To  deter- 
mine the  grade  for  each  16-foot  unit,  the  cruiser  must  categorize  limbs  as  to 
size  and  whether  they  are  live  or  dead.     He  must  then  determine  the  number  in 
each  category  along  with  such  information  as  the  amount  of  clear  area  in  these 
16-foot  units  to  determine  the  "grade.  "    It  is  difficult  for  a  cruiser  to  be  con- 
sistent in  application  with  such  subjective  inputs. 

3.  Grouping  error  in  estimating  value  is   introduced.         When  placing  logs  into 
discrete  value  classes  (log  grades),  there  will  generally  be  a  range  of  values 
within  each  class.     Also,  there  is  no  distinct  difference  in  value  between  the 
poorest  logs  of  one  grade  and  the  best  logs  of  the  next  lower  grade. 

The  new  system  differs  from  the  conventional  log  grading  procedure  in  two 
principal  ways:    (1)  It  provides  a  selling  value  estimate  for  each  cruise  tree  as  a 
unit — therefore,  it  is  more  appropriately  designated  a  tree  grading  system  than  a 
log  grading  system,  and  (2)  the  system  does  not  group  trees  into  restricted  or  dis- 
crete quality  classes — it  is  a  continuous  system  where  the  estimated  value  of  each 
tree  is  in  itself  a  "grade.  " 

In  comparison  with  a  log  grading  system,  this  system  has  the  advantage  of 
being  faster,  and  thus  more  economical;  more  objective  and  thus  more  consistent. 
It  also  eliminates  grouping  error  by  being  a  continuous  predictor. 

The  following  describes  the  development,  performance,   and  application  of 
the  new  svstem. 


Paul  H.  Lane,  Marlin  E.  Plank,  and  John  W.  Henley.  A  new  and  easier  way  to  estimate  the 
quality  of  inland  Douglas-fir  sawtimber.  USDA  For.  Serv.  Res.  Pap.  PNW-101,  9  p. ,  illus.  Pac. 
Northwest  For.    &  Range  Exp.  Stn. ,   Portland,  Oreg.     1970. 


STUDY  PROCEDURES 

Sample 

A  sample  of  298  trees  was  selected  to  represent  the  full  range  in  diameter  and 
quality  of  commercial  western  white  pine  sawtimber  available  in  northern  Idaho.    The 
trees  were  from  eight  areas  on  the  Kaniksu,  St.  Joe,  and  Coeur  d'Alene  National 
Forests  as  shown  in  figure  1.    The  eight  areas  were  chosen  to  represent  differences 
in  tree  size,  stem  quality,  and  site  characteristics.     Within  each  area,  individual 
sample  trees  were  selected  on  the  basis  of  d.  b.h.    Some  average  characteristics  of 
the  sample  trees  by  area  are  shown  in  table  1. 

The  study  trees  were  felled  and  bucked  into  saw  logs  according  to  normal 
industry  practice.     The  visible  surface  characteristics  of  each  log  were  recorded 
immediately  after  the  trees  were  felled. 


Figure    1. — Range   of  western  white   pine   in    the    "Inland  Empire"   and 
general   locations   of   the   eight   areas   from  which   study   trees 
were   cut. 


Table 

1. — Some  average  characteristics  of 

study   trees  by  sample  area 

Sample 

area 

Characteristic 

Total  or 

1 

2 

3 

4 

5 

6 

7 

8 

average 

.    range    (inches) 

9.9-33.1 

11.0-29.6 

10.4-45.0 

10.9-21.9 

9.1-22.3 

26.5-54.0 

10.5-34.1 

9.3-24.3 

9.1-54.0 

»e   d.b.h.    (inches) 

14.4 

23.5 

20.9 

17.1 

13.3 

38.4 

21.9 

15.2 

19.2 

height   range    (feet) 

60-125 

83-173 

71-200 

80-144 

81-125 

144-215 

71-179 

84-137 

60-215 

je  height    (feet) 

94 

142 

126 

114 

102 

184 

142 

109 

120 

t   range    (percent) 

0-66 

0-51 

0-91 

0-19 

0-29 

10-98 

0-56 

0-39 

0-98 

ge   defect    (percent) 

9.2 

10.9 

18.6 

7.8 

4.0 

40.5 

13.8 

4.4 

12.8 

ange   (years) 
ge  age    (years) 

r  of  trees 


49-134 
74 


70 


107-211 
176 


25 


60-170 
93 


5  4 


58-111 
84 


20 


53-88 
66 


40 


237-336 
299 


26 


123-290 
213 

27 


58-77 
66 


if., 


49-336 
117 


298 


The  sample  trees  were  processed  at  what  was  considered  a  typical  western 
white  pine  sawmill.     The  study  logs  were  sawn  under  normal  production  conditions 
to  obtain  the  highest  value  from  each  log.     The  usual  white  pine  lumber  items  were 
produced,   and  the  lumber  tally  values  and  volumes  were  based  on  kiln-dried,  sur- 
faced lumber  tally  according  to  general  industry  practice. 

Developing  the  Prediction  Model 

Before  data  analysis,  99  of  the  298  sample  trees  were  drawn  at  random  to  test 
the  prediction  equations  that  would  be  developed.    Of  the  remaining  trees,   192  were 
used  for  model  building  and  estimating  the  coefficients.  ^ 

The  "stepwise  regression"  procedure  and  the  "all  possible  regressions"  pro- 
cedure   were  used  to  identify  the  tree  characteristics  that  were  most  important  in 
determining  tree  values  and  lumber  tally  volumes. 

The  general  procedure  used  in  building  the  model  was  to  identify  the  factors 
that  would  affect  the  dependent  variables  of  tree  dollar  value  and  lumber  tally  volume. 
These  factors  in  the  form  of  a  general  model  are  as  follows: 

tree  value  (dollars) 

or  =  tree  volume  -  tree  defect  +  tree  quality, 

lumber  tally  volume 

Each  factor  in  the  general  model  can  be  partially  quantified  by  one  or  several 
individual  tree  characteristics  (independent  variables).    A  list  of  the  independent 
variables  that  were  examined  can  be  found  in  appendix  I.     The  stepwise  regression 
procedure  was  used  to  identify  those  individual  tree  characteristics  that  best  repre- 
sented each  factor  in  the  general  model.     For  example,  the  number  of  limb-free 


Seven  of  the  199  trees  selected  for  model  building  and  estimating  coefficients  were  omitted 
because  they  were  cull  trees,  i.e. ,  less  than  25  percent  of  the  gross  volume  of  the  tree  was  in 
sound  wood.    Consequently,  the  system  is  designed  for  sound  trees  only. 

3Terminology  taken  from  Norman  Draper  and  H.  Smith.    Applied  regression  analysis.    New 
York:    John  Wiley  &  Sons,  Inc. ,  407  p. ,   1966.  , 


faces  on  the  butt  log  of  the  tree  might  best  represent  the  factor  tree  quality.    The 
independent  variables  that  either  had  little  or  no  effect  on  tree  value  or  volume  or 
were  too  difficult  or  impossible  to  quantify  in  cruising  were  omitted  after  screening. 
The  remaining  variables,  along  with  alternative  forms  of  the  same  variable,  were 
screened  by  means  of  the  all  possible  regressions  procedure  to  choose  the  final 
variables  for  the  model.    The  final  variables  selected  for  the  model  were  those  that 
were  most  practical  for  application  in  timber  appraisals  and  those  that    statistically 
accounted  for  the  most  variation  in  lumber  volume  and  value. 

Six  measurable  characteristics  survived  as  the  most  important  and  practical 
criteria  for  grading  trees: 

1.  Tree  diameter, 

2.  Tree  height, 

3.  Height  to  the  first  live  limb, 

4.  Diameter  of  the  largest  limb  in  the  butt  16-foot  log, 

5.  The  number  of  limb-free  and  defect-free  faces  in  the  butt  16-foot  log,  and 

6.  Total  tree  defect  (percent). 

These  six  characteristics  along  with  several  transformations  of  the  same 
characteristics  were  selected  as  the  best  independent  variables  for  the  model.    These 
variables  along  with  lumber  yield  information  were  used  to  develop  the  regression 
equations  for  predicting  total  lumber  tally  volume  (board  feet)  and  total  value  (dollars) 
on  a  tree  basis.     The  equation  for  predicting  tree  value  and/or  volume  is: 


tree  value 

or 
tree  volume 


where: 


or         =  b.   +  b.    DEF    (D2H)   +  bn  D  +  b0   H  +  b,    HTFLL 
U     1  z      J      4 

+  bc  LRLB16    (D2H)   +  br    NLFF16    (D2H) 
d  b 

+  bn  DEFSQR    (D2H)   +  bQ  D2  +  bn    (H/D)2  +  b^D2  H 
I  o      y         iu 

b     is  Y  intercept  constant. 

b.    i   =  1-10  are  the  regression  coefficients. 

DEF   is  estimated  percent  defect  of  gross  cruise  volume. 

DEFSQR   is  DEF   squared. 

D   is  tree  diameter  in  inches  at  4.5  feet  above  ground. 

H   is  the  total  tree  height  in  feet. 

HTFLL   is  the  height  to  the  first  limb  with  green  needles  on  the  tree, 

LRLB16   is  the  diameter  of  the  largest  limb  in  inches  in  the  butt 
16-foot  log. 

NLFF16   is  the  number  of  limb-free  and  defect-free  faces  in 
the  butt  16-foot  log. 


The  equations  developed  account  for  about  94  percent  of  the  variation  in  tree 
value  and  95  percent  of  the  variation  of  the  tree  lumber  tally  volume  as  measured 
by  the  regression  R^  values. 

HOW  THE  SYSTEM  PERFORMS 

Of  the  298  sample  trees,  99  were  selected  at  random  to  test  the  performance 
of  the  prediction  equations.     The  six  quality  criteria  measurements  were  recorded 
for  each  of  the  99  trees.     Predictions  of  the  lumber  selling  value  and  volume  were 
then  calculated,  using  the  procedures  described  in  the  next  section  of  this  paper. 

Table  2  shows  comparisons  of  estimated  and  actual  values  totaled  for  the  99 
test  trees.     Plots  of  the  estimated  versus  actual  tree  values  and  volumes  of  individual 
trees  are  shown  in  figures  2  and  3.    As  shown  in  figures  2  and  3,  the  value  or  volume 
of  individual  trees  may  not  be  estimated  accurately  by  the  equation;  but  there  are 
approximately  equal  numbers  of  high  and  low  estimates.     Table  2  shows  that  there 
is  little  difference  between  the  estimated  and  actual;   i.  e. ,   a  6.  5-percent  difference 
for  value  and  a  2.  7-percent  difference  for  volume. 


Table  2. — A  comparison  of  actual  and  predicted  lumber  selling 
value  and  volume  for  99  western  white  pine  trees 


Unit 


Estimated 


Actual 


Percent 
difference 


Total  value 
(dollars) 


17 


Total   lumber   tally 
volume    (board   feet) 


8,376.00 
72,695.00 


8,964.24 
74,745.00 


-6.5 


-2.7 


—  Value  based  on  1968  lumber  prices  developed  for  western  white 
pine  by  U.S.  Forest  Service,  Region  1. 


HOW  TO  USE  THE  SYSTEM 

Computer  facilities  for  making  regression  analyses  and  solving  equations  are 
essential  for  efficient  use  of  the  system. 

It  is  also  necessary  to  have,  in  a  form  suitable  for  computer  use,  the  tree 
characteristic  data  (the  six  grading  criteria)  and  lumber  grade  yield  data  for  each 
of  the  192  trees  from  the  mill  study  used  to  develop  the  system.    A  listing  of  the 
192  cards  containing  the  necessary  information  and  the  card  format  are  illustrated 
in  appendix  II. 
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Figure   2. — Plot  of  estimated  over  actual    tree   value. 
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Figure    3. — Plot   of  estimated  over  actual    tree   lumber   tallu   volume. 


A  step-by- step  procedure  for  estimating  the  selling  value  of  a  group  of  trees 
or  tract  of  timber  is  as  follows: 

1.  Select  sample  trees. 

2.  Measure  and  record  for  each  sample  tree  the  six  characteristics:    (1)  tree 
diameter,   (2)  tree  height,  (3)  tree  defect,   (4)  height  to  the  first  live  limb, 
(5)  size  of  the  largest  limb  in  the  butt  16-foot  log,   and  (6)  the  number  of 
limb-free  and  defect-free  tree  faces  on  the  butt  16-foot  log.     More  complete 
information  on  how  to  measure  and  record  these  characteristics  is  shown 

in  appendix  III. 

3.  Assign  desired  lumber  prices  to  each  of  the  lumber  grades  (or  combinations) 
recorded  in  the  base  study. 

4.  Using  these  assigned  lumber  prices,  compute  a  dollar  value  for  each  of  the 
192  trees  from  the  base  study. 

5.  Use  an  appropriate  multiple  regression  program  to  develop  the  value  equation 
coefficients  for  the  192  trees.     Use  the  assigned  lumber  prices  (step  4)  and 
the  six  tree  characteristic  variables  and  transformations  as  follows: 

Dependent  variable: 

Total  dollars//?2// 

Independent  variables: 
DEF 
DEFSQR 
LBLB16 
NLFF16 
D/D2H 

H/D2H 

2      ? 

D  /D  H 

(H/D)2/D2H 

HTFLL/D2H 

1/D2H 

6.  Solve  the  value  equation  for  the  selected  sample  trees  in  step  1  using  coefficients 
developed  in  step  5. 

To  estimate  the  lumber  volume  of  a  sample  tree  or  group  of  trees,  simply 
solve  the  following  equation  using  the  coefficients  shown: 

Total  lumber  tally  volume  (bd.   ft.)  =  -393   -    (.00005126)  (DEF)    (D  H) 

+(88.9538) (D)    -    (5.61835)    (H) 

+(.40147) (HTFLL)    -    ( .000131608) (LRLB16)    (D2R) 

-(.000323497) (NLFF16) (D2R) 

-( .0000008985) (DEFSQR) (D2R) 

+(2.27154) (R/D)2   -    (3. 14853) (D2) 

+(.0234706) (D2H) 


CONCLUSIONS 

Field  application  tests  of  the  system  indicate  that  the  tree-valuation  system 
reported  has  several  advantages  over  valuation  systems  based  on  the  discrete  log 
grades  currently  being  used. 

It  is  faster  to  apply  and  thus  more  economical.     Other  than  measuring  total 
tree  height  and  the  height  to  the  first  live  limb,  the  characteristics  to  be  measured 
are  confined  to  the  butt  16-foot  log.     It  is  not  necessary  to  look  at  each  16-foot  seg- 
ment as  is  the  case  with  a  discrete  log  grade  system.     It  requires  less  experience 
and  judgment  by  the  timber  cruiser;  thus,  training  and  checking  of  cruisers  is  easier. 
Selling  price  is  computed  easily  and  more  directly  than  by  procedures  that  involve 
adjusting  yield  by  log  overrun  estimates.     The  user  should  remember  that,   as  with 
any  statistical  procedure  of  this  nature,  the  equations  may  not  show  the  value  of  an 
individual  tree  accurately;  they  should  be  used  to  estimate  the  total  value  of  a 
group  of  trees. 
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APPENDIX  I.    LIST  OF  INDEPENDENT  VARIABLES 


Defect  Related 


1.  Defect  percent 

2.  Defect  percent  squared 

Presence  or  absence  of: 

3.  Scars  and/or  seams 

4.  Basal  scars  and/or  seams 

5.  Nonbasal  scars  and/or  seams 

6.  All  scars 

7.  Basal  scars 

8.  Nonbasal  scars 

9.  All  seams 

10.  Basal  seams 

11.  Nonbasal  seams 

Length  of: 

12.  All  scars  and  seams 

13.  Basal  scars  and  seams 

14.  Nonbasal  scars  and  seams 

15.  All  scars 

16.  Basal  scars 

17.  Nonbasal  scars 

18.  All  seams 

19.  Basal  seams 

20.  Nonbasal  seams 

Presence  or  absence  of: 

21.  Sucker  limbs 

22.  Live  sucker  limbs 

23.  Dead  sucker  limbs 

24.  Bulges  and/or  bumps 

25.  Burls  over  4  inches 

26.  Rotten  knots 

27.  Conks 

28.  Broken  top 

29.  Snow  break 

30.  Blister  rust  cankers 

31.  Total  number  of  burls 

32.  Total  number  of  rotten  knots  on  tree 

33.  Total  number  of  rotten  knots  on  butt  32-foot  log 

34.  Total  number  of  conks 

35.  Total  number  of  knot  clusters 

36.  Total  diameter  of  burls 

37.  Total  diameter  of  knot  clusters 

38.  Sweep  deviation 

39.  Crook  deviation 

40.  Count  of  defects 


Quality  Related 


41.  Height  to  the  first  dead  limb 

42.  Height  to  the  first  live  limb 

43.  Size  of  the  first  dead  limb 

44.  Size  of  the  first  live  limb 

45.  Size  of  the  largest  limb  (live  or  dead)  on  the  butt  16-foot  log 

46.  Size  of  the  largest  limb  (live  or  dead)  on  the  butt  32-foot  log 

47.  Height  to  the  start  of  the  crown 

48.  Crown  length 

49.  Crown  length  per  height  to  the  start  of  the  crown 

50.  Height  of  clear  bole  allowing  no  defect 

51.  Height  of  clear  bole  allowing  defect 

52.  Height  of  limb-free  bole  allowing  no  defect 

53.  Height  of  limb-free  bole  allowing  defect 

54.  Total  length  of  clear  face  in  4-foot  minimum  units  in  the  butt    16-foot  log 

55.  Total  length  of  clear  face  in  4-foot  minimum  units  in  the  butt  32-foot  log 

56.  Total  length  of  clear  face  in  8-foot  minimum  units  in  the  butt  16-foot  log 

57.  Total  length  of  clear  face  in  8-foot  minimum  units  in  the  butt  32-foot  log 

58.  Total  length  of  clear  bole  in  4-foot  minimum  units  on  the  tree 

59.  Number  of  4-foot  clear  panels  on  the  tree 

60.  Number  of  4-foot  clear  panels  on  the  butt  16-foot  log 

61.  Number  of  4-foot  clear  panels  on  the  butt  32 -foot  log 

62.  Number  of  8-foot  clear  panels  on  the  butt  16-foot  log 

63.  Number  of  8-foot  clear  panels  on  the  butt  32-foot  log 

64.  Number  of  8-foot  limb-free  panels  on  the  butt  16-foot  log  allowing  defect 

65.  Number  of  8-foot  limb-free  panels  on  the  butt  16-foot  log  not  allowing  defect 

66.  Number  of  clear  panels  on  the  butt  16-foot  log  allowing  defect 

67.  Number  of  clear  panels  on  the  butt  16-foot  log  not  allowing  defect 

68.  Number  of  limb-free  faces  on  the  butt  16-foot  log  allowing  defect 

69.  Number  of  limb-free  faces  on  the  butt  16-foot  log  not  allowing  defect 

70.  Number  of  limb-free  faces  on  the  butt  32-foot  log  allowing  defect 

71.  Number  of  limb-free  faces  on  the  butt  32-foot  log  not  allowing  defect 

72.  Number  of  1-inch  and  less  knots  on  the  butt  16-foot  log 

73.  Number  of  2-inch  and  less  knots  on  the  butt  16-foot  log 

74.  Number  of  3-inch  and  less  knots  on  the  butt  16-foot  log 

75.  Number  of  knots  greater  than  3  inches  on  the  butt  16-foot  log 

76.  Number  of  1-inch  and  less  knots  on  the  butt  32-foot  log 

77.  Number  of  2- inch  and  less  knots  on  the  butt  32-foot  log 

78.  Number  of  3-inch  and  less  knots  on  the  butt  32-foot  log 

79.  Number  of  knots  greater  than  3  inches  on  the  butt  32-foot  log 


L0 


Volume  Related 


80. 

DBH  =  D 

81. 

Total  height  =  H 

82. 

16-foot  form  class 

83. 

32 -foot  form  class 

84. 

(D/H) 

85. 

(D/H)2 

86. 

(Eld) 

87. 

(H/D)2 

88 

D2 

89. 

H2 

90. 

D2H 

Miscellaneous 

91. 

Age 

92. 

Amount  of  lean 

11 


APPENDIX  II.    TREE  QUALITY  CHARACTERISTICS  AND  LUMBER  YIELD  DATA 

The  tree  quality  characteristics  and  lumber  yield  data  for  each  of  the  192 
western  white  pine  trees  from  the  base  study  are  shown  in  the  following  list  accord- 
ing to  the  card  format  shown  below. 

List  of  Characteristics 


Columns 

Data 

1-   3 

Tree  Number 

4-  6 

Defect  Percent 

7-   9 

DBH 

10-12 

Total  Height 

13-15 

Height  to  First  Live  Limb 

16 

Largest  Limb  in  Butt  16-foot  Log 

17 

Number  of  Limb-free  and  Defect-free  Faces 

in  the  Butt  16-foot  Log 

18-21 

Volume  B  Select  Lumber 

22-25 

Volume  C  Select  Lumber 

26-29 

Volume  D  Select  Lumber 

30-33 

Volume  Molding 

34-37 

Volume  3  Clear 

38-41 

Volume  1  Shop 

42-45 

Volume  2  Shop 

46-49 

Volume  3  Shop 

50-53 

Volume  1  Common 

54-57 

Volume  2  Common 

58-61 

Volume  3  Common 

62-65 

Volume  4  Common 

66-69 

Volume  5  Common 

70-73 

Total  Lumber  Tally  Volume 
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APPENDIX  III.    INSTRUCTIONS  FOR  APPLYING  THE  SYSTEM 

Instructions  for  measuring  and  recording  the  western  white  pine  tree  character- 
istics used  in  the  equations  are  shown  below. 

1.  Tree  diameter   (D) .  —  Measured  and  recorded  to  the  nearest  0.  1  inch  at 
4-1/2  feet  above  ground  on  the  uphill  side  on  the  tree. 

2.  Tree  height   (H) . —  Total  tree  height  measured  from  the  ground  on  the 
uphill  side  of  the  tree  and  recorded  to  the  nearest  foot.     This  height  includes  a  dead 
top  if  one  exists  and  the  projected  height  if  the  tree  has  a  broken  top. 

3.  Height  to  the  first  live   limb   (HTFLL) . —  Measured  and  recorded  as 
the  height  (to  the  nearest  foot)  to  the  first  branch4  which  has  live  needles. 

4.  Largest   limb  in  the  butt  16-foot  log   (LRLB16) Measured  and  recorded 

as  the  size  of  the  largest  limb  (see  footnote  4)  in  the  butt  16-foot  log.       Limb  size  is 
recorded  inside  bark  but  outside  the  limb  collar.     Limb  size  is  rounded  as  follows: 

0.25  -  1.0  =  1  inch 
1.1    -  2.0  =  2  inches 
2.1    -  3.0  =  3  inches 
etc. 

5.  Number  of  limb-free  and  defeot-free  faces  in   the  butt  16-foot   log 
(NLFF16) . —    A  face  is  one-fourth  the  circumference  of  the  tree  for  the  full 

16-foot  length  of  the  butt  16-foot  log  (see  footnote  5).    Any  limb  or  limb  stub  other 
than  epicormic  limbs  removes  a  face.    Any  scalable  defect  removes  the  face  in  which 
the  defect  occurs."   All  size  knot  indicators  are  allowed.    The  variable  is  coded  as 
0-4  faces. 

6.  Scalable  defect   (DEF)  . — Expressed  as  a  percent  of  the  gross  cruise 
volume.     The  estimate  includes  deductions  made  from  the  gross  cruise  volume  for 
visible  abnormalities  such  as  crook,  conks,  cankers,  burls,  and  bumps.     It  also 
includes  the  estimated  volume  loss  from  unknown  sources  such  as  logging  breakage 
and  hidden  or  internal  defects  such  as  rot  or  pitch  rings. 


Epicormic  branches  are  not  recorded. 


*>Butt  16-foot  log  defined  as  the  first  16.5  feet  of  the  tree  above  normal  stump  height. 
6If  crook  and/or  sweep  occurs  in  the  butt  16-foot  log,  one  face  is  removed. 
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The  mission  of  the  PACIFIC  NORTHWEST  FOREST 
AND  RANGE  EXPERIMENT  STATION  is  to  provide  the 
knowledge,  technology,  and  alternatives  for  present  and 
future  protection,  management,  and  use  of  forest,  range,  and 
related  environments. 

Within  this  overall  mission,  the  Station  conducts  and 
stimulates  research  to  facilitate  and  to  accelerate  progress 
toward  the  following  goals: 

1.  Providing  safe  and  efficient  technology  for  inventory, 
protection,  and  use  of  resources. 

2.  Development  and  evaluation  of  alternative  methods 
and  levels  of  resource  management. 

3.  Achievement  of  optimum  sustained  resource  produc- 
tivity consistent  with  maintaining  a  high  quality  forest 
environment. 

The  area  of  research  encompasses  Oregon,  Washington, 
Alaska,  and,  in  some  cases,  California,  Hawaii,  the  Western 
States,  and  the  Nation.  Results  of  the  research  will  be  made 
available  promptly.  Project  headquarters  are  at: 

Portland,  Oregon 
Olympia,  Washington 


Fairbanks,  Alaska 
Juneau,  Alaska 
Bend,  Oregon 
Corvallis,  Oregon 
La  Grande,  Oregon 


Seattle,  Washington 
Wenatchee,  Washington 


Mailing  address:    Pacific  Northwest  Forest  and  Range 
Experiment  Station 
P.O.  Box  3141 
Portland,  Oregon  97208 


;  of  the  U.  S.  Dec 


The  FOREST  SERVICE  of  the  U.  S.  Department  of  Agriculture 
is  dedicated  to  the  principle  of  multiple  use  management  of  the 
Nation's  forest  resources  for  sustained  yields  of  wood,  water, 
forage,  wildlife,  and  recreation.  Through  forestry  research,  co- 
operation with  the  States  and  private  forest  owners,  and  man- 
agement of  the  National  Forests  and  National  Grasslands,  it 
strives  —  as  directed  by  Congress  —  to  provide  increasingly  greater 
service  to  a  growing  Nation.  \&y 
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ABSTRACT 

Lumber  recovery  data  from  processing  1, 126  logs  from  234  red  and 
white  fir  trees  selected  from  the  central  Sierra  Nevada  of  California  are 
presented.     More  than  88  percent  of  the  lumber  recovered  was  in  two 
major  groups  of  lumber  items — Shop  (29  percent)  and  Dimension  (59  per- 
cent); the  remainder  consisted  of  Dunnage    (8  percent),  Selects  (2  percent), 
and  Commons  (2  percent). 

Recovery  of  Shop  was  highest  from  grade  1  logs;  Dimension,  from 
grade  3  logs.    Larger  logs  produced  proportionately  greater  volume  of 
Shop  and  Select;  smaller  logs,  Dimension. 

Cubic  recovery  of  surfaced-dry  lumber  ranged  from  42  percent  in 
grade  1  logs  to  52  percent  in  grade  4  logs.     For  all  logs,  a  cubic  recovery 
of  48  percent  was  recorded. 

Overrun  for  the  1, 126  logs  was  22  percent.     Grade  1  logs  gave  the 
lowest  overrun,   15  percent,   and  grade  3  logs  the  highest,  29  percent. 
Average  log  size  and  the  range  of  log  sizes  within  a  given  log  grade  were 
important  determinants  of  overrun. 

The  recovery  of  sawdust  and  chippable  residues  and  distribution  of 
lumber  sizes  produced  are  included  in  the  report. 

Keywords:      Lumber    recovery,    red    fir,   Abies   magnifioa,    white    fir, 
Abies   aonaolor ,    forest   products. 


INTRODUCTION 

The  true  firs  {Abies     sp. )  represent 
approximately  13  percent  of  the  commer- 
cial sawtimber  volume  in  the   Western 
United  States.      This  amounts  to  nearly 
235  billion  board  feet.      The  true  firs 
approximate  25  percent  of  California's 
softwood  sawtimber  volume.      In  the 
central  Sierra  Nevada  of  California,  Cali- 
fornia red  fir  (A.   magnified    A.   Murr. ) 
and  white  fir  (A.    eoneolor     (Gord.   & 
Glend. )   Lindl. )  have  a  volume  of  13.5 
billion  board  feet.    This  volume  is  approxi- 
mately 50  percent  of  the  commercial 
softwood  resource  of  that  area. 

Red  and  white  fir,  called  "white  fir" 
commercially,  have  become  progressively 
more  important  as  a  source  of  raw  mate- 
rial for  the  wood-using  industry.     In  1960, 
approximately  380  million  board  feet,  log 
scale,  of  red  and  white  fir  were  produced 
from  National  Forest  lands  in  California; 
these  same  forest  lands  produced  over 
620  million  feet  in  1970.     In  1970  over 
1.  7  billion  board  feet  of  commercial  white 
fir  lumber  was  produced  in  the  Western 
United  States;  of  this  amount  nearly  half 
was  from  California. 

With  expanded  utilization  of  the  true 
firs,   a  need  has  developed  for  up-to-date 
information  on  grade  and  volume  recovery 
of  lumber  from  these  species.     Further- 
more, recent  changes  in  utilization  stand- 
ards, manufacturing,  and  marketing 
require  up-to-date  data  on  grade  and 
volume  recovery.     With  updated  informa- 
tion,  it  is  possible  for  plant  managers 
and  processors  to  utilize  the  true  firs 
more  efficiently. 

To  provide  this  information,     a 
lumber  and  a  veneer  recovery  study  were 
carried  out  in  1970  in  cooperation  with  the 
National  Forest  Administration;   U.S. 
Forest  Service,  Region  5;    and  the 


American  Forest  Products  Corporation, 
Martell,  California.  This  is  a  report  of 
the  lumber  recovery  study.  The  veneer 
recovery  study  will  be  in  another  report. 

PROCEDURE 

SAMPLE  SELECTION 

A  total  of  234  trees,  both  California 
red  fir  and  white  fir,  representative  of 
the  full  range  of  size  and  quality  of  true 
fir  timber  in  the  central  Sierra  Nevada, 
were  selected  from  18  areas  located  on 
the  Tahoe,   Eldorado,   and  Stanislaus 
National  Forests  (fig.    1).     Stands  from 
which  the  trees  were  selected  were  con- 
sidered typical  of  the  timber  in  that  gen- 
eral locale.     Individual  study  trees  were 
stratified  on  the  basis  of  tree  size 
(diameter  at  4-1/2  feet  above  ground 
level  on  the  uphill  side),  butt  log  grade,  —' 
and  defect  location  (6). 

Prior  to  felling,  surface  character- 
istics for  the  first  32  feet  were  diagramed 
(2,5),  and  other  important  details  of  each 
tree  and  surrounding  area  were  noted  and 
recorded.     Each  tree  was  numbered,  then 
felled  and  bucked  into  lengths  according 
to  industry  practice.     Maximum  log  length 
was  32  feet  plus  trim. 

While  the  tree  was  on  the  ground 
and  before  it  was  disturbed,  surface 
characteristics  on  the  visible  log  surface 
were  diagramed.    All  logs  were  tagged 
and  numbered  for  tree  identity  and  log 
location  in  the  main  stem.     Utilization 
standards  during  logging  were  10-foot 
length,   8-inch  scaling  diameter,— '    and 
one-third  sound.     Cull  logs  and  logs  not 
meeting  minimum  size  requirements  wore 


—    Based  on  Region  6  west-side  Douglas-fir 
grades  without  diameter  limits. 

£'  The  average  diameter,  inside  bark,  rounded 
to  the  nearest  inch  at  the  small  end  of  the  log. 
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Figure  1 . --Approximate   location   of  study    tree  selection   areas   in    the 
central   Sierra   Nevada,    and  mill    location. 


left  in  the  woods.     Logs  were  decked 
and  kept  under  water  spray  at  the  mill 
until  the  study  began. 

LOG  GRADING  AND  SCALING 

During  the  study,  each  woods-length 
log  was  debarked  and  bucked  into  sawmill- 
length  logs.     These  were  then  scaled  (7) 
and  tagged  to  identify  the  tree  and  the 
log's  position  within  the  tree.    Grades 
for  these  logs  were  determined  from  log 
diagrams  using  U.  S.   Forest  Service 
grades  for  white  fir  (9)  (table  1).     There 
were  1,  126  mill-length  logs  in  the  study, 
ranging  in  diameter  from  7  to  50  inches 
and  in  length  from  6  to  20  feet  (table  2). 

SAWING 

Each  log  was  sawed  to  meet  sched- 
uled mill  production  through  the  manu- 
facture of  usual  lumber  items.     Sawing 
practices  during  the  study  period  con- 
formed to  general  industry  practice  on 
the  west-side  Sierra  and  were  geared  to 
produce  Select,  Shop,   Common,   and 
Dimension  lumber.    All  lumber  was 
sawed  to  meet  Western  Wood  Products 
Association  (WWPA)  specifications  (8). 

Production  equipment  in  the  study 
mill  included  two  band  head  saws — one 
double  cut  and  one  single  cut;  two  edgers; 
one  line  bar  resaw;  and  one  gang  trim 
saw.     Green  lumber  was  sorted  for  fur- 
ther processing  with  a  24-tray  automatic 
sorter.     Maximum  length  of  log  sawn 
was  20  feet. 

LUMBER  PROCESSING 

At  the  time  of  sawing,  logs  were 
assigned  a  sawing  order  number  cross- 
referenced  to  the  tree  log  number. 
Boards  from  each  log  were  identified 
by  a  combination  of  color  coding  and 
marking  each  board  with  the  log's  sawing 


order  number.     There  was  no  "green 
grading"  of  the  lumber  prior  to  tray 
sorting.     All  rough-green  lumber  was 
sorted  by  width,  thickness,    length, 
and  drying  sort — either  sinker,  sap, 
or  corky.     Each  sort  was  dried  in  a 
separate  charge  with  a  different  kiln 
schedule.    All  lumber  except  Dunnage 
and  4/4  Common  was  kiln-dried  in 
modern,  single  track,  internal  fan, 
cross-circulation  kilns.      Dunnage  was 
tallied  "green"  as  it  was  removed  from 
the  trays.      Common  grades  of  lumber 
were  graded  and  tallied  "green.  "    The 
kiln-dried  lumber  was  sorted  for  sur- 
facing,   graded,   and  tallied  on  the  dry 
sort  table.     Both  a  hand  and  a  photo- 
graphic tally  (4)  were  made  of  the 
rough-dry  lumber.     A  WWPA  Quality 
Supervisor  graded   the  lumber. 

All  dried  lumber  was  surfaced 
except  Moulding,    which  was  tallied 
in  the  rough-dry  condition.     Dimension 
grades  of  lumber  were  surfaced  four 
sides  through  a  planer  equipped  with 
splitter  heads;   all  Selects  and  Shops 
were  surfaced  two  sides.      During 
the  surfacing,    a  hand  and  voice  tally 
(on  magnetic  tape)  and  a  photographic 
tally  were  made  of  each  board  on 
the  infeed  of  the  planer;   a  hand  and 
photographic  tally  were  made  on  the 
outfeed.      Grading  of  the  surfaced 
lumber  was  supervised  by  WWPA 
Quality  Supervisors. 

Tallied  data  for  each  rough 
and  surfaced  board  included  length, 
width,    thickness,    grade,    and  log 
sawing  number. 


Table  1.— Distribution  of  white  and  red  fir  logs 
by  diameter  and  log  grade 


Diameter 

Log  grade- 
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—  Wise  and  May  (5) . 

Table  2.— Distribution  of  white  and  red  fir  study  saw  logs  by  diameter  and  length 
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DATA  PROCESSING 

The  hand  tallied,  rough-dry  board 
data  were  edited  and  corrected  using  the 
photographic  tally  made  on  the  dry  sort 
table.    Data  for  the  rough-dry  Moulding 
and  the  Commons  (which  were  not  dried) 
were  then  separated  from  these  corrected 
tallies  and  later  merged  with  the  tally  of 
data  for  surfaced-dry  lumber.     Dunnage 
data  tallied  at  the  tray  sorter  were  also 
merged  with  the  surfaced-dry  tally. 

The  hand  tallied,  surfaced-dry 
board  data  were  edited  and  corrected  using 
the  photographic  tally  made  at  the  outfeed 
side  of  the  planer.     The  hand  tally  of  saw- 
ing order  numbers  made  at  the  infeed  of 
the  planer  was  edited  and  corrected  using 
both  the  voice  and  photographic  tally.     The 
corrected  infeed  and  outfeed  tallies  were 
then  matched  and  merged. 

All  data  were  transferred  from  tally 
sheets  to  punchcards.     These  were  proc- 
essed, using  computer  programs  written 
specifically  for  handling  recovery  data  (1) 
and  computer  programs  developed  by  the 
Pacific  Northwest  Station's  biometric  staff. 

Tabulated  volumes  of  board-foot 
lumber  tally  given  in  this  paper  were  based 
on  nominal  dimensions  of  the  lumber  pro- 
duced; cubic  volume  was  computed  using 
actual  surfaced-dry  lumber  sizes. 

Gross  cubic  log  volumes  were  com- 
puted using  the  formula: 

V  =   n   L    (D2  +  D     D     +  D2) 
s         s     e         e 


where: 


4   x   3   x   144 

V    =  Gross  cubic-foot  log  volume 

H    =  3.  1416 

D    =  Diameter  in  inches  of  small 

end  of  log 
D    =  Diameter  in  inches  of  large 

end  of  log 
L     =  Log  length  in  feet. 


Volume  of  wood  converted  to  sawdust 
was  calculated  by  applying  an  average  saw- 
kerf  of  8/32-inch  to  one-half  the  rough 
green  surface  area  of  each  board  produced. 
Green  lumber  dimensions  used  in  this 
computation  were  based  on  sample  mea- 
surements of  actual  green  study  lumber. 

Residue  volumes  were  determined 
by  subtracting  the  volumes  of  rough  green 
lumber  and  sawdust  from  the  gross  cubic 
volumes  of  the  logs. 

RESULTS 

LOG  SCALE,   LUMBER  TALLY, 
AND  CUBIC  VOLUMES 

Table  3  summarizes  the  log  scale; 
surfaced-dry  lumber  tally;  and  cubic 
volume  of  the  logs  included  in  the  study 
for  each  log  grade  group  and  for  all  grades. 
Tables  10-14  in  the  appendix  give  a  more 
detailed  breakdown  of  these  data  by  log 
scaling  diameter. 

Table  3  shows  that  logs  in  the  two 
higher  grades  are  more  defective  than  in 
the  two  lower  grades.    Grades  1  and  2 
had,  respectively,   14-  and  13-percent 
defect  compared  with  grades  3  and  4, 
which  averaged  4-  and  9-percent  defect, 
respectively.     The  defect  for  all  logs  was 
10  percent.     In  each  log  grade,  the  larger 
diameter  logs  were  the  more  defective 
(fig.  2).     Grades  1  and  2  were  about 
equally  defective.     Grade  4  logs,  though 
less  defective  than  either  grades  1  or  2, 
were  more  defective  than  grade  3  logs. 

Higher  values  of  overrun  (percent 
lumber  tally  recovery)  (table  3)  for  grade 
3  logs  reflect  in  part  the  preponderance 
of  small  logs  in  this  grade  (table  1,  fig.  3). 
In  grades  1,  2,   and  4  logs,   a  wider  dis- 
tribution of  log  sizes  resulted  in  lower 
overruns  (table  1,  figs.   3  and  4).     The 
average  diameter  of  the  grade  3  logs  was 
14. 1  inches;  grades  1  and  2,  27.2  and 
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Figure   2. — Percent   defect   for   each   log  grade   and   for   all   grades   by   log 
diameter . 
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Figure    3 .--Percent   overrun   for  log   grades   3  and   4  and  for  all 
grades   by   log   diameter . 
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Figure  4. — Percent   overrun   for  log  grades   1   and   2   and  for  all 
grades   by  log   diameter. 


22.9  inches,  respectively;   and  grade  4, 
24.3  inches.     For  grade  1  logs,  overrun 
averaged  15  percent;  grades  2  and  4  each 
averaged  21  percent;  and  grade  3,  29  per- 
cent.    The  overrun  for  all  logs  averaged 
22  percent.     Comparable  values  for  over- 
run were  obtained  from  a  previous  study  at 
this  mill  (3)  and  from  a  study  of  southern 
Oregon  white  fir.iy 

Since  the  cubic  volumes  of  lumber 
tabulated  in  table  3  and  appendix  tables 
10-14  are  for  surfaced-dry  lumber,  the 
addition  of  the  cubic  volumes  of  sawdust, 
residue,  and  lumber  will  not  total  to  the 


— f  Paper  in  preparation. 


gross  cubic  volumes  of  the  logs.     The 
difference  reflects  losses  incurred  in 
processing  rough-green  lumber  to  the 
surfaced-dry  condition.     These  losses 
include  planer  shavings,  end  trimming 
of  finished  lumber,  and  shrinkage. 

Cubic  recovery  of  lumber  was  high- 
est in  grade  4  logs,   averaging  52  percent, 
and  lowest  in  grade  1  logs  with  a  recovery 
of  42  percent.    Average  recovery  for  grades 
2  and  3  was  46  percent.     The  recovery  for 
all  logs  averaged  48  percent.     Cubic  lum- 
ber recovery  curves  by  log  diameter  and 
grade  are  presented  in  figures  5  and  6. 
Defects  in  higher  grade  logs  tend  to  reduce 
the  cubic  recovery  percentage  of  these  logs. 
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Figure  5. — Cubic   volume   of  lumber  recovered  as  percent   of  gross   cubic  log 
volume  by  log  diameter  for  log  grades   1    and  2  and  for  all   grades. 
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Figure    6. — Cubic   volume   of  lumber  recovered  as  percent   of  gross   cubic   log 
volume  by   log   diameter   for  log   grades    3  and   4   and   for   all    grades. 


10 


LUMBER  GRADE  YIELDS 
BY  LOG  GRADE 

The  percent  yields  of  various  grades 
of  surfaced-dry  lumber  for  each  grade  of 
log  and  for  all  logs  are  presented  in  table 
4.       Lumber  grade  yields  by  scaling  diame- 
ter for  each  log  grade  and  for  all  grades 
are  presented  in  the  appendix  tables  15-19. 

A  total  of  19  different  grades  of 
lumber    were  produced.     Most  of  the  vol- 
ume was  concentrated  in  Shop  and  Dimen- 
sion grades.    Regardless  of  the  grade  of 
log,  more  than  80  percent  of  the  total 
lumber  tally  was  found  in  these  two  lumber 
grade  groups.     Yield  of  Shop  grades  was 
highest  (41.3  percent,  mostly  in  Moulding) 
from  the  grade  1  logs,   and  the  lowest 
(11.3  percent),  from  grade  3  logs.     For 
the  Dimension  grades  of  lumber,  the 
reverse  was  true;  the  highest  yield  (81.  7 
percent)  was  from  grade  3  logs,  the  lowest 
(40.  8  percent)  from  grade  1  logs.     Between 
these  extremes  were  the  yields  of  Shop 
and  Dimension  for  grade  2  and  grade  4 
logs  (table  4).     The  recovery  of  Shop  and 
Dimension  was  approximately  equal  only 
in  grade  1  logs;  in  all  other  log  grades, 
the  production  of  Dimension  exceeded  that 
of  Shop.     For  all  logs,  approximately  29 
percent  of  the  total  lumber  volume  was 
Shop  and  59  percent,  Dimension. 

Most  of  the  Selects  came  from  the 
upper  two  grades  of  logs,  with  grade  1 
logs  producing  twice  (7.  8  percent)  that  of 
grade  2  logs  (3.  9  percent).    The  remaining 
two  log  grades  each  produced  less  than  1 
percent.     Only  2.4  percent  of  the  total  lum- 
ber tally  were  Selects.    Commons  totaled 
approximately  1.  5  percent  of  the  lumber 
volume.    Dunnage,  which  is  a  normal  pro- 
duction item  for  the  mill  where  the  study 
was  performed,  totaled  nearly  8  percent. 

Most  of  the  Dunnage  was  sawn  from 
log  grades  1,  2,   and  4,  each  averaging 


more  than  8  percent  of  the  lumber  volume 
produced  from  these  log  grades.  Grade  3 
logs  had  a  Dunnage  volume  of  4.2  percent. 

LUMBER  GRADE  YIELD  BY 
LOG  DIAMETER  CLASS 

Figures  7-10  present  recovery  of 
various  combinations  of  lumber  items 
from  logs  of  different  grades  divided  into 
6-inch  log  diameter  classes.     The  follow- 
ing lumber  items  were  combined  for 
these  graphs: 

Selects  -  B,   C,   and  D  Select 
High  Shop  -  Moulding,   Factory 

Selects,   No.    1  Shop 
Low  Shop  -  No.  2  and  3  Shop,  Shop  Outs 
Std.   &  Btr.  -  No.   1  and  2  Dimension, 
Construction,   Standard, 
1,  2,   and  3  Common 
UtlEc  -  No.  3  and  4  Dimension, 

Utility,   Economy,  4  and  5 
Common 
Dunnage  -  Dunnage 

These  figures  indicate  that  for  any 
given  log  grade,  logs  24  inches  and  less  in 
diameter  produced  predominately  Dimen- 
sion grades  of  lumber.     Within  this  diame- 
ter range,  recoveries  of  70-  to  95-percent 
Dimension  were  recorded.     Logs  larger 
than  24  inches,  though  still  cutting  heavy  to 
Dimension,  produced  proportionately  less 
Dimension  with  increasing  log  size. 

The  recovery  of  Shops  and  Selects 
generally  increased  with  log  size,  with  logs 
larger  than  24  inches  producing  proportion- 
ately greater  volumes  of  these  lumber  items. 
As  expected,  the  highest  yields  of  Selects 
were  from  the  larger  logs  of  grades  1  and  2. 
Yields  of  Shops  were  highest  from  the 
larger  logs  of  grades  1,  2,  and  4.     An 
exceptionally  high  yield  of  Shops  was  also 
produced  from  6-  to  12-inch,  grade  4  logs. 

Logs  larger  than  24  inches  also  pro- 
duced proportionately  greater  volumes  of 
Dunnage. 
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Table  4.— Lumber  grade  yields  from  white  and  red  fir  logs  by  log  grade 


Log   grad 

U 

Lumber   grade 

1 

2 

3 

4 

All   grades 

tent  Iwrb 
0 

?r 

tally—     - 
0.06 

Select : 
B 

2.36 

1.03 

0.58 

C 

2.53 

.80 

.09 

.12 

.60 

I) 

2.88 

2.05 

.50 

.61 

1.22 

Total 

7.77 

3.88 

.59 

.79 

2.40 

Shop: 

Moulding 

25.47 

12.32 

1.92 

3.74 

8.23 

Factory   Selects 

.03 

.05 

.04 

.44 

.21 

1 

2.64 

3.47 

1.45 

6.12 

3.99 

2 

7.15 

9.71 

4.05 

16.08 

10.70 

3 

4.80 

5.03 

2.86 

5.76 

4.81 

Shop   Out 

1.21 

1.01 

1.01 

.74 

.93 

Total 

41.30 

31.59 

11.33 

32.88 

28.87 

Dimension : 

No.    1— 

17.48 

24.30 

33.27 

11.68 

20.15 

No.    2— 

6.87 

11.52 

21.24 

15.31 

14.66 

No.    3— 

9.35 

11.42 

19.14 

19.38 

16.20 

No.    4— 

7.12 

7.64 

8.07 

9.34 

8.37 

Total 


40.82 


54.88 


81.72 


55.71 


59.38 


Common : 

1 
2 
3 
4 
5 


Total 


Dunnage : 


.05 

.14 

.21 

.05 

.11 

.13 

.29 

.50 

.36 

.34 

.34 

.45 

1.08 

.78 

.71 

.15 

.27 

.29 

.40 

.31 

.11 

.08 

.04 

.04 

.06 

.78 

1.23 

2.12 

1.63 

1.53 

9.32 

8.42 

4.24 

8.98 

7.82 

Number  of  logs 

Lumber  tally  volume 
(board  feet) 


9  5 


192 


509 


330 


56,105    85, 6* 


91,007   165,423 


1,126 


398,223 


—  Wise  and  May  (3) 
2/ 


3/ 

J/ 


Percentages  may  not  total  due  to  rounding. 
Includes  Construction  grade  2  x  4's. 
Includes  Standard  grade  2  x  4's. 


—  Includes  Utility  grade  2  x  4's. 


6/ 


Includes  Economy  grade  2  x  4's. 
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Figure  7. — Recovery   of   various   lumber   grade   groups   by   6-inch 
diameter   classes ,    log   grade  No.    1.       (For   definition   of 
lumber   grade   groups,    see  page   11.) 
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Figure   8. — Recovery   of   various   lumber   grade   groups   by   6-inch 
diameter   classes,    log  grade  No.    2.       (For   definition   of 
lumber   grade   groups,    see  page   11.) 
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Figure  9. — Recovery   of  various   lumber   grade  groups 
by   6-inch   diameter   classes ,    log  grade  No.    3. 
(For   definition   of  lumber   grade   groups,    see 
page    11 . ) 
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Figure  10. --Recovery  of  various   lumber   grade   groups  by   6-inch 
diameter   classes,    log  grade  No.    4.       (For   definition   of 
lumber   grade   groups,    see  page   11.) 
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DISTRIBUTION  OF 
LUMBER  SIZES 

The  distribution  of  the  study  lumber 
by  grade,  thickness,  and  width  for  each 
log  grade  and  for  all  log  grades  is  pre- 
sented in  tables  5-9. 

Except  for  a  small  volume  of  4/4-inch, 
nearly  all  Shops  and  Selects  were  5/4-inch- 
thick,  random- width  boards.     From  12  to 
49  percent  of  lumber  produced  from  the 
various  log  grades  was  in  this  grade-size 
category.      For  all  log  grades   (table  9), 
approximately  31  percent  of  the  lumber  was 
5/4-inch  Shops  and  Selects. 

In  the  Dimension  grades,  nominal 
2  x  4's  were  produced  in  greatest  volume 
in  log  grades  1,  2,  and  3   (tables  5-7). 
From  21  to  41  percent  of  the  lumber  vol- 
ume from  these  log  grades  was  in  this 
grade-size  category.     Log  grade  4  produc- 
tion of  Dimension  was  greatest  in  2  x  12 Ts 
(table  8).     In  general,  the  production  of 
Dimension  was  concentrated  in  2  x  4's, 
2  x  6's,   and  2  x  12's,  regardless  of  log 
grade.     For  all  grades  (table  9),  the  bulk 
of  Dimension  was  in  2  x  4's  (23.  6  percent), 
2  x  12's  (18.2  percent),  and  2  x  6's  (13.0 
percent). 

SUMMARY 

This  report  presents  lumber  recovery 
data  from  the  processing  of  1,  126  logs  from 
234  red  and  white  fir  trees,   selected  from 
the  central  Sierra  Nevada  of  California. 

Grades  1  and  2  logs  were  found  to  be 
more  defective  than  grades  3  and  4  logs, 
regardless  of  log  diameter.     For  any  given 
grade  of  log,  the  larger  logs  were  the  more 
defective. 

In  processing  the  1,  126  study  logs, 
an  overrun  of  22  percent  was  found.    Over- 
run was  15  percent  for  grade  1  logs,  21 
percent  for  grades  2  and  4,   and  29  percent 
for  grade  3  logs.    As  expected,   average 


log  size  and  the  range  of  log  sizes  within 
a  given  log  grade  were  important  in  over- 
run determination.    Grade  3  logs  were 
heavily  concentrated  in  a  narrow  range  of 
small  diameter  logs  (7-23  inches);  grades 
1,  2,  and  4  covered  a  wider  range  of  log 
sizes  (10-40  inches). 

Cubic  recovery  of  lumber  ranged 
from  42  percent  of  gross  cubic  log  volume 
in  grade  1  logs  to  52  percent  in  grade  4 
logs.     Grades  2  and  3  each  registered  a 
cubic  recovery  of  46  percent.    For  all  logs, 
a  cubic  recovery  of  48  percent  was  re- 
corded.    The  lower  recovery  of  higher 
grade  logs  is  due  in  part  to  the  higher 
occurrence  of  defect  in  these  logs. 

There  were  19  different  grades  of 
lumber;  most  of  the  volume  was  concen- 
trated in  the  Shop  and  Dimension  grades. 
Together,  these  grades  totaled  more  than 
80  percent  of  the  lumber  volume  produced 
from  any  log  grade.    For  all  logs,  59  per- 
cent of  the  volume  produced  was  Dimension 
and  29  percent,  Shop;  the  remainder  con- 
sisted of  Dunnage   (7.8  percent),  Selects 
(2.4  percent),  and  Commons  (1.5  percent). 

Logs  less  than  24  inches  in  diameter 
produced  predominately  Dimension  grades 
of  lumber  with  recoveries  of  70  to  95  per- 
cent of  the  volume  in  these  lumber  items. 
Logs  larger  than  24  inches  produced  less 
Dimension  and  more  Selects  and  Shops.    High- 
est yields  of  Selects  were  from  the  larger 
logs  of  grades  1  and  2;  yields  of  Shop  were 
highest  from  larger  logs  of  grades  1,  2,  and4. 

Nearly  all  Shops  and  Selects  were 
5/4-inch  thick,  random-width  boards.    Ap- 
proximately 31  percent  of  the  total  lumber 
volume  was  of  this  size  and  these  grades. 

Of  the  Dimension  lumber  sawn,  nominal 
2  x  4's  were  produced  in  greatest  volume  from 
loggrades  1,  2,  and  3;  from  grade  4  logs, 
2  x  12's  were  the  predominate  lumber  size. 
In  general,  2x4's,  2x6's,  and  2  x  12's  were 
the  three  major  sizes  of  Dimension  produced. 
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Table  5.— The  distribution  of  study  lumber  by  g,  ickm 


Thickness 


Width 


Lumber  grade 


Select 


C 
Select 


D 
Select 


Moulding 


Factory 
Select 


1 
Shop 


2 
Shop 


3 
Shop 


Inches  - 


Percent  of  lumber  tally  volume—' 


5/ 


4/4 


5/4 
8/4 


4 

f, 

M 

10 
12 

Ml 

4 
6 
8 

10 
L2 


0.01 

0 

0 

0 
0 

2.35 


0 

0 

0.03 

0 

0 

2.50 


0 

0.04 
.02 
0 
0 

2.81 


0 
0.03 

.09 
0 

.10 

25.26 


0 

0 
0 
0 
0 

0.03 


0 

f) 
i) 
0 
0 

2.64 


0 

0 
0 

0 
0 

7.15 


0 

0 
0 
0 
0 

4.80 


16/4 
Grade  totals 


2.36 


Volume,  board  feet   1,324 


2.53 

1,421 


2.88 
1,614 


25.47 
14,289 


.03 

15 


2.64 
1,483 


7.15 
4,013 


4.80 
2,695 


1/ 
2/ 
3/ 


Also  Construction  grade  2  x  4's. 
Also  Standard  grade  2  x  4's. 


—  Also  Utility  grade  2  x  4's. 


4, 


Table  6.— The  distribution  of  study  lumber  by  gafoh 


Thickness 


Width 


Lumber  grade 


Select 


C 
Select 


D 
Select 


Moulding 


Factory 
Select 


1 

Shop 


2 

Shop 


3 
Shop 


-  Inches 


Percent  of  lumber  tally  volume-^ 


5/ 


4/4 


5/4 
8/4 


4 
6 
8 

in 
12 

All 

4 
fi 
8 

L0 
12 


.01 
0 
0 

o 

1.02 


0 

0.02 

n 

02 

.02 

.02 

0 

i)l 

.03 

.03 

0 

0 

0 

0 

02 

0 

.07 

0 

7  5 

2.00 

12.18 

.05 


0 
0 
0 
0 
0 

3.47 


.03 


9.68   5.03 


H.!t 

►.;: 
.H 


16/4 

4 

— 

— 

— 

— 

— 

Grade  totals 

1.03 

.80 

2.05 

12.32 

.05 

Volume,  board 

feet 

881 

683 

1,753 

10,557 

40 

3.47     9.71   5.03 
2,976    8,321   4,310 


IS 


1/ 
2/ 

3/ 


Also  Construction  grade  2  x  4's. 
Also  Standard  grade  2  x  4's. 
Also  Utility  grade  2  x  4's. 


ss,  and  width  for  grade  No.  1  white  and  red  fir  logs 


No.  2- 


2/ 


Lumber  grade  (continued) 


No.    jl/ 


No.    U,- 


Conunon 


Common        Common 


4  5 

Common        Common 


Dunnage 


Size 
totals 


Volume 


Percent  of  lumber  tally  volume—' 


5/ 


0.01 

0 

0.03 

0 

0 

0 

.02 

.06 

.05 

.03 

.02 

0 

.03 

.02 

.02 

0 

0 

0 

0 

0 

.03 

.11 

.22 

.09 

.06 

0.04 

Board  feet 
22 

.22 

1  !] 

.22 

!.'<> 

0 

0 

.61 

142 

48.77  27,360 


3.49 

2.44 

0.71 

1.26 

1.41 

.84 

.23 

.35 

.81 

0 

0 

0 

1.89 

5.15 

4.76 

6.87 
3,855 


9.35 
5,246 


7.12 
3,995 


.05 

28 


.1  1 
74 


.34 
188 


.15 
86 


.  1  1 
61 


9.32 

9.32 

5,229 


20.76 
6.25 
1.42 
0 

12.39 

9.32 
100.00 


11,648 

3,506 

799 

0 

6,952 

5,229 


56,105 


Also   Economy    grade    2    x   4's. 

Percentages  may  not    total   due   to   rounding. 


less,  and  width  for  grade  No.  2  white  and  red  fir  logs 


No. 


,2/ 


Lumber  grade  (continued) 


No.  y- 


No.  4— 


Common 


2 
Common 


3 

Common 


4 
Common 


Common 


Dunnage 


Size 
totals 


Volume 


5/ 


Percent  of  lumber  tally  volume—' 


o 


0.02 

0.03 

0.03 

(6/) 

.02 

.01 

.07 

.05 

(6/) 

.03 

.06 

.11 

.01 

0 

.02 

0 

0 

0 

.09 

.  1  8 

.24 

.18 

.07 

Board  feet 

8  7 

0.10 

.22 

141 

.  J] 

:>,, 

JM 

1  1 

.85 

7  J.1 

35.19    30,154 


6.63 

2.90 

0.72 

— 

— 

-- 

-- 

-- 

— 

28.19 

24,158 

2.10 

2.18 

.86 

— 

— 

-- 

-- 

— 

— 

9.55 

8,182 

.34 

.60 

.90 

— 

— 

— 

-- 

— 

-- 

1.98 

1,693 

.06 

0 

0 

-- 

-- 

-- 

— 

— 

-- 

.06 

54 

2.39 

5.75 

5.16 

— 

— 

— 

-- 

— 

-- 

15.10 

12,940 

— 

— 

-- 

— 

-- 

-- 

-- 

— 

8.42 

8.42 

7,217 

11.52 

11.42 

7.64 

.14 

.29 

.45 

.27 

.08 

8.42 

100.00 

-- 

9,872 

9,785 

6,550 

123 

247 

383 

234 

/I 

7,217 

— 

85,688 

Also  Economy  grade  2  x  4's. 

Percentages  may  not  total  due  to  rounding. 

Less  than  0.005  percent. 


1!) 


Thickness 


Width 


Inches 


4/4 


5/4 


l() 
L2 


All 


TaWe  7.— The  distribution  of  study  lumber  by  gi 


Lumber  grade 


Select 


C 
Select 


D 
Select 


Moulding 


Factory 
Select 


1 

Shop 


2 
Shop 


5/ 


Percent  of  lumber  tally  volume—' 


0 

0 

0 

0 

0 

0 

(1 

0 

0 

0 

(6/) 

0.02 

0 

0.03 

.03 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

.09 


.  4  7 


1.87 


.1)4 


1.45   4.05 


8/4 

4 

-- 

6 

— 

8 

— 

10 

— 

12 

— 

16/4 

4 

-- 

Grade 

totals 

0 

Volume 

,  board 

feet 

0 

.09 

8  2 


.50 

460 


1.92 
1,743 


.04 
36 


1.45   4.05 
1,316   3,689 


3 
Shop 


0 

0 
0 
0 
0 

2.86 


2.86 
2,603 


1 


—  Also  Construction  grade  2  x  4's. 

2/ 

—  Also  Standard  grade  2  x  4s. 

3/ 

—  Also  Utility  grade  2  x  4's. 


Table  8.— The  distribution  of  study  lumber  by  grw 


Thickness 


Width 


Lumber  grade 


Select 


C 
Select 


D 
Select 


Moulding 


Factory 
Select 


1 
Shop 


2 

Shop 


3 
Shop 


Sho 

Out  i  ; 


5/ 


Inches   -   -  __________  Percent  of  lumber  tally   volume—' 


4/4 


r-/4 


4 

o 

6 

0 

8 

0 

10 

0 

L2 

0 

Al  1 


0.06 


8/4       4 

-- 

6 

— 

8 

— 

10 

— 

12 

— 

16/4        4 

— 

Grade  totals 

.Oh 

Volume,  board  feet 

9) 

.12 


0 

0 

0 

(6/) 

.02 

0 

.01 

.02 

0 

.01 

0 

0 

.01 

.04 

o 

.58 

3.66 

.12  .61  3.74 

200  1,015  6,182 


44 


0 
0 
0 
0 
0 

6.12 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

16.08        5.76 


.44  6.12  16.08        5.76 

731      10,122        26,601     9,529 


o 

0 

0 
0 
0 


n 


.7 
1,22 


1/   Also  Construction  grade  2  x  4's. 

2/ 

—  Also  Standard  Grade  2  x  4s. 

3/ 

—  Also  Utility  grade  2  x  4s. 
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ss,  and  width  for  grade  No.  3  white  and  red  fir  logs 


No .  2— 


Lumber  grade  (continued) 


No .  3— 


No.  k-1 


Common 


Common 


Common 


4 
Common 


Common 


Dunnage 


Size 
totals 


Volume 


Percent  of  lumber  tally  volume- 


5/ 


0.01 

0.13 

0.21 

0.09 

0.01 

.06 

.08 

.45 

.13 

.01 

.10 

.09 

.17 

.02 

.02 

.01 

0 

0 

0 

0 

.02 

.20 

.24 

.05 

0 

ii 

.47 

feet 

..." 

..HI) 

727 

..  1 

374 

.111 

13 

.    .1 

11.84 


10.776 


12.56 

5.95 

1.77 

4.91 

3.89 

1.82 

1.06 

2.71 

1.84 

0 

0 

0 

2.71 

6.58 

2.65 

21.24 

19.14 

8.07 

.21 

.50 

19,335 

17,415 

7,342 

189 

455 

98] 


— 

— 

— 

41.27 

37,562 

— 

— 

— 

19.66 

17,896 

-- 

— 

-- 

6.58 

5,985 

— 

— 

— 

0 

0 

~~ 

— 

~~ 

14.21 

12,928 

— 

— 

4.24 

4.24 

3,861 

.29 

.04 

4.24 

100.00 

— 

266 

35 

3,861 

-- 

91,007 

Also  Economy  grade  2  x  4's. 

Percentages  may  not  total  due  to  rounding. 

Less  than  0.005  percent. 

iss,  and  width  for  grade  No.  4  white  and  red  fir  logs 


Lumber  grade  (continued) 


,2/ 


33/ 


& 


Common 


2 

Common 


Common 


4 
Common 


Common 


Dunnage 


Size 
totals 


Volume 


Percent  of  lumber  tally  volume—' 


5/ 


(6/) 

(6/) 

0.01 

0.02 

(6/) 

(6/) 

0.01 

.11 

.08 

0.01 

0.01 

.06 

.  L6 

.09 

.01 

.01 

0 

.02 

.01 

0 

.03 

.29 

.48 

.21 

.02 

i) 

.03 

Board 

feet 
55 

.24 

S97 

.35 

580 

ii', 

77 

1 

.08 

1 

,784 

33.56 


Also  Economy  grade  2  x  4's. 

Percentages  may  not  total  due  to  rounding. 

Less  than  0.005  percent. 


55,515 


4.48 

2.43 

0.81 

-- 

— 

-- 

— 

-- 

-- 

12.48 

20,653 

4.09 

4.83 

1.54 

— 

— 

— 

— 

-- 

-- 

13.35 

22,080 

.91 

2.60 

2.16 

— 

— 

-- 

— 

-- 

-- 

5.99 

9,903 

0 

0 

0 

— 

-- 

— 

— 

— 

-- 

0 

0 

5.83 

9.52 

4.82 

— 

-- 

-- 

-- 

~ 

~_ 

23.90 

39,532 

— 

- 

- 

- 

- 

-- 

— 

— 

8.98 

8.98 

14,847 

15.31 

19.38 

9.34 

.05 

.36 

.  78 

.40 

.04 

8.98 

100.00 

— 

25,323 

32,074 

15,451 

83 

596 

1,296 

hh'< 

62 

14,847 

-- 

165,423 

L'l 


Table  9.— The  distribution  of  study  lumber  by  gr< 


Thickness 


Width 


Lumber  grade 


Select 


C 
Select 


D 
Select 


Moulding 


Factory 
Select 


1 
Shop 


2 
Shop 


3 

Shop 


Shi 
Oui 


Inches 


5/ 


Percent  of  lumber  tally  volume—' 


4/4 


5/4 

8/4 


4 

h 
a 

in 
L2 

A  I  1 

4 

i< 

8 

10 

L2 


(6/) 

(6/) 

0 

0 

0 

.57 


0 

(6/) 
.01 
0 
(£/) 

.59 


(6/) 
0.02 
.01 
(£/) 
(6/) 

1.18 


0.01 
.02 
.03 

0 
.04 

8.13 


.01 


.21 


3.99    10.70   4.81 


16/4 
Grade  totals 


.58 


.  60 


Volume,  board  feet   2,298   2,386 


1.22      8.23 
4,842    32,771 


.21     3.99    10.70   4.81     .9 
822   15,897   42,624  19,137   3,69 


1/ 

1/ 
3/ 


Also  Construction  grade  2  x  4's. 
Also  Standard  grade  2  x  4's. 
Also  Utility  grade  2  x  4's. 


2  'J 


ess,  and  width  for  all  white  and  red  fir  study  logs 


Lumber   grade    (continued) 

Size 
totals 

No.    2— 

No.    3— 

No.    U-1 

1 
Common 

2 
Common 

3 
Common 

4 
Common 

5 
Common 

Dunnage 

Volume 

vo2-iim&  — 

0.01 

0.04 

0.06 

0.03 

(6/) 

0.15 

589 

__ 

__ 

.02 

.03 

.17 

.08 

0.01 

__ 

.36 

1,436 

__ 



.04 

.06 

.13 

.05 

.01 

__ 

.34 

1,347 



__ 

.01 

(6/) 

.01 

(6/) 

0 

__ 

.03 

103 

— 

— 

- 

.04 

.22 

.  54 

.15 

.03 

— 

.83 

3,318 

— 

— 

— 

— 

— 

— 

-- 

— 

-- 

31.09 

123,805 

6.65 

3.34 

1.00 

-- 

-- 

— 

— 

— 

— 

23.61 

94,021 

3.45 

3.56 

1.36 



-- 

-- 

-- 

-- 

-- 

12.97 

51,664 

.73 

1.88 

1.63 

-- 

— 

-- 

-- 

— 

-- 

4.61 

18,380 

.01 

0 

0 

-- 

— 

-- 

-- 

-- 

— 

.01 

54 

3.82 

7.42 

4.39 



-- 

-- 

-- 

— 

— 

18.17 

72,352 

— 

— 

-- 

-- 

— 

— 

— 

— 

7.82 

7.82 

31,154 

14.66 

16.20 

8.37 

.11 

.34 

.71 

.31 

.06 

7.82 

100.00 

-- 

58,385 

64,520 

33,338 

423 

1,372 

2,848 

1,255 

229 

31,154 

-- 

398,223 

4/ 

—  Also  Economy  grade  2  x  4s. 

—  Percentages  may  not  total  due  to  rounding. 

—  Less  than  0.005  percent. 
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APPENDIX 


Table  10.— Log  scale,  lumber  tally,  and  cubic  volumes  by  scaling  diameter  of 
white  and  red  fir  sawn-length  logs,  log  grade  No.  1 


Number 
of 
log-S 


Log  seal- 


1/ 


Lumber  tally 


Recovery— 


Cubic  volume 


Al 


Lumber 
recovery  — 


-  Board  feet  -  - 

Percent 

-   -   -  Cubic 

feet 

-    -    - 

.-'•  el 

11 

2 

L20 

110 

I  .'. 

1  '.1 

24.07 

8.03 

33 

2.13 

11.47 

12 

2 

li,i) 

160 

L55 

97 

29.61 

8.49 

29 

2.23 

16.  37 

13 
14 

r. 

0 
0 
3 

— 

— 

— 

— 

— 

-- 

~ 

— 

-- 

4JI! 

420 

60  3 

144 

72.98 

34.15 

'.7 

8.42 

20.74 

16 

5 

800 

790 

1,000 

L27 

144.37 

57.20 

40 

14.51 

56.04 

17 

i 

540 

530 

725 

137 

93.63 

40.77 

44 

10.50 

30.36 

18 

3 

630 

600 

768 

L28 

109.25 

44.35 

4] 

10.75 

41.75 

1" 

4 

960 

920 

1,152 

1  2  5 

157.19 

66.94 

43 

17.41 

52.16 

20 

1 

280 

240 

214 

89 

55.27 

12.33 

22 

2.86 

36.80 

21 

5 

1,500 

1,410 

1,835 

1  50 

235.43 

107.08 

45 

26.90 

69.85 

22 

5 

1,650 

1,550 

1,979 

128 

270.41 

117.27 

43 

29.09 

89.56 

23 

4 

1,520 

1,420 

1,774 

L25 

229.50 

107.01 

47 

26.95 

63.10 

24 

4 

1,600 

1,490 

1,794 

..'0 

249.20 

109.54 

.'..', 

27.24 

79.27 

25 

5 

2,300 

1,970 

2,150 

L09 

344.39 

136.21 

4(1 

33.88 

131.68 

26 

', 

2,500 

2,360 

2,530 

1D7 

383.36 

160.87 

42 

39.40 

133.80 

1  1 

2 

1,100 

960 

1,052 

1  111 

168.66 

70.09 

4  2 

16.64 

60.84 

28 

2 

1,160 

1,040 

1,214 

ii ; 

144.31 

79.90 

L) 

19.26 

20.49 

29 

2 

1,220 

1,110 

1,349 

l.'j 

206.36 

90.96 

44 

21.63 

65.92 

30 

3 

1,810 

1,430 

1,701 

I  L9 

277.50 

113.39 

-'.1 

27.42 

101.65 

)] 

1 

2,130 

1,720 

1,762 

L02 

325.42 

121.56 

1/ 

29.88 

134.53 

32 

5 

3,700 

3,050 

3,776 

L24 

590.45 

251.37 

4  ] 

60.09 

202.39 

33 
34 
35 

4 
0 

4 

3,120 

2,750 

2,904 

106 

431.80 

194.46 

45 

46.44 

131.20 

3,520 

3,070 

3,447 

112 

563.22 

236.50 

12 

57.50 

194.23 

36 

1 

1,150 

890 

1,077 

121 

175.11 

72.08 

41 

17.25 

63.31 

37 

3 

3,090 

2,070 

2,598 

1    h 

508.04 

178.46 

35 

43.43 

228.97 

!8 

3 

3,210 

2,810 

3,132 

1  1  1 

518.36 

215.57 

42 

52.21 

182.07 

19 

i 

3,360 

2,800 

3,599 

129 

491.11 

241.88 

49 

59.88 

111.82 

40 

2 

2,400 

2,160 

2,500 

116 

363.32 

171.12 

4  7 

42.15 

94.87 

4] 

42 

1 
0 

1,270 

1,100 

1,180 

L07 

193.82 

79.40 

41 

19.21 

70.61 

43 
44 
45 
46 

n 
4 

0 

5,550 

4,790 

5,053 

105 

804.65 

347.59 

43 

85.54 

258.86 

47 
48 
49 

0 

0 

1 

1,800 

1,600 

1,617 

101 

240.88 

111.43 

46 

27.51 

66.26 

50 

1 

1,870 

1,350 

1,321 

»x 

264.71 

92.65 

3S 

23.87 

116.07 

Total 

95 

56,440 

48,670 

56,105 

115 

8,666.38 

3,678.65 

4.7 

902.18 

2,937.04 

2/ 


Scribner  scale. 

Volumes   of   lumber,    sawdust,    and   residue   do   not    total    the    log  volume   due    to   losses   from  surfacing,   end    trimming  of   surfaced-dry 


lumber,  and   shrinkage. 

—  Percent   of  net   log  scale. 

4/ 

—  Surfaced-dry. 

—  Percent  of  gross  cubic  volume. 


LV> 


Table  11.— Log  scale,  lumber  tally,  and  cubic  volumes  by  scaling  diameter  of 
white  and  red  fir  sawn-length  logs,  log  grade  No.  2 


Log 
scaling 
diameter 
(inches) 


Number 

of 

logs 


I 

LO 

11 

12 

1  I 
I '• 
]'■ 
16 
17 
18 
L9 
20 
21 
22 

2  ! 
24 
25 
26 
27 
28 
29 
30 

11 
32 
33 

';.-, 

!5 

ii 

17 
38 

i' i 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 


Log  scale 


Lumber  tally 


3/ 
Recovery- 


Cubic  volume 


1  i.jj 


Lumber—' 


Lumber    <.  . 
recovery— 


1 

30 

4 

150 

6 

!00 

h 

420 

6 

480 

6 

600 

10 

1,030 

8 

1,070 

10 

1,600 

8 

1,400 

7 

1,470 

7 

1,650 

8 

2,240 

'-' 

2,700 

7 

2,310 

9 

3,420 

'. 

2,450 

9 

4,080 

1 

500 

5 

2,750 

3 

1,740 

9 

5,640 

4 

2,550 

i. 

4,260 

5 

3,510 

5 

3,710 

4 

3,200 

4 

3,730 

2 

1,840 

4 

4,250 

i 

3,210 

1 

1,120 

2 

2,400 

1 

1,430 

2 

2,350 

.','lh(.l 


1,080 
1,350 


Board  feet 

30 

1 41  > 

290 

J90 

470 

580 

1,010 

1,020 

1,530 

1,330 

1,410 

1,530 

2,130 

2,610 

2,200 

3,100 

2,310 

3,730 

470 

2,190 

1,630 

4,290 

1,910 

4,000 

3,190 

3,140 

2,910 

3,240 

1,470 

3,730 

2,810 

1,060 

2,180 

960 

1,640 

1,940 


940 
1,150 


44 
151 

<v. 
-,  II, 

':,  I  X 

»:.• 

1,461 
1,425 
1,945 
1,820 
1,778 
2,163 
2,674 
3,309 
2,918 
3,807 
2,865 
4,295 
586 
2,473 
1,782 
5,527 
2,121 
4,475 
3,787 
3,935 
3,349 


809 

-i  1', 

r,u 

174 
L57 

IVi 
411 


1,929 


980 
1,155 


Percent 

147 
L08 

122 
11.' 
1  L0 
L42 

1  4  5 
140 
1  !7 
137 

126 

14  1 
l.'i 
1  2  7 

1  I  i 

L2  ! 

124 
115 
L25 
1  1  1 
Ki'i 
129 
111 
112 
119 
125 
1  L5 
118 
1  I.' 
114 
113 
109 
L08 
147 
1  I  8 

I  (9 


104 
100 


-  Cubic 

feet  -  - 

12.17 

2.48 

39.31 

8.58 

63.44 

20.36 

80.06 

24.31 

102.37 

29.21 

107.96 

45.43 

203.71 

82.59 

180.59 

80.57 

281.47 

108.91 

239.81 

103.10 

258.58 

102.24 

253.74 

126.16 

317.11 

158.10 

464.24 

194.41 

317.40 

172.15 

518.55 

230.71 

329.67 

174.59 

582.54 

265.93 

63.65 

36.13 

355.80 

161.76 

222.91 

115.86 

785.80 

354.19 

391.44 

135.24 

551.12 

292.18 

443.62 

240.30 

558.76 

262.20 

434.71 

225.48 

477.65 

252.12 

290.31 

125.41 

581.71 

281.56 

424.73 

212.97 

136.16 

76.82 

316.55 

160.93 

280.49 

93.45 

306.16 

126.83 

Cubic  feet 


128.30 
157.15 


68.88 
79.46 


20 
22 
32 
30 
29 
42 
41 
45 
39 
43 
40 
50 
50 
42 
54 
44 
53 
46 
57 
45 
52 
45 
35 
53 
54 
47 
52 
53 
43 
48 
50 
56 
51 
33 
41 


54 
51 


0.62 
2.18 
5.16 
6.61 
7.56 
12.12 
21.46 
20.35 
28.15 
26.11 
24.90 
30.22 
39.46 
47.79 
43.24 
58.37 
43.99 
65.75 
8.96 
38.79 
27.61 
83.42 
33.87 
71.25 
59.02 
62.31 
53.76 
60.92 
29.13 
69.64 
52.07 
19.32 
38.70 
23.04 
30.86 

46.15 


16.74 
19.46 


8.36 
26.03 
31.94 
41.58 
56.88 
36.65 
75.05 
56.38 

112.35 
80.69 

102.79 
62.49 
72.69 

165.97 
50.80 

158.36 
57.29 

170.47 
7.66 

105.70 
44.44 

244.40 

179.50 
97.91 
71.39 

154.92 
86.12 
87.45 
99.19 

141.29 
92.63 
15.22 
66.72 

134.54 

109.35 

160. 6^ 


20.69 
32.68 


Total        192  80,980  70,660 


11,717.07   5,420.74 


1,329.06      3,319.17 


Scribner  scale . 


1  Volumes  of  lumber,  sawdust,  and  residue  do  not  total  the  log  volume  due  to  losses  from  surfacing,  end  trimming  of  surfaced-dry 
lumber,  and  shrinkage. 

3/ 


Percent   of  net   log  scale. 
Surfaced-dry . 


—     Percent  of   gross   cubic  volume. 
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Table  12.— Log  scale,  lumber  tally,  and  cubic  volumes  by  scaling  diameter  of 
white  and  red  fir  sawn-length  logs,  log  grade  No.  3 


Log 
scaling 
diameter 
(inches) 


Number 

of 

logs 


Log  scale 


Gross 


Lumber  tally 


Cubic  vol urn- 


2/ 


Volume     Recovery— 


)/ 


!■"!'. 


1 


Lumber   ,-  , 
recovery- 


Sawdust 


1 

8 
9 
10 
11 
12 
13 
!-. 
L5 
16 
17 
18 
19 

20 

21 
22 
23 
2^ 
25 
26 
27 
28 
29 
30 
31 
(2 
33 
S4 
!5 
36 
37 
38 
39 
m) 
Al 
42 
43 
44 
45 
46 


tioai'a  feet 

6 

120 

l.'n 

55 

1,310 

1,290 

46 

1,570 

1,520 

53 

2,630 

.'.i.iiu 

.< 

3,370 

3,340 

43 

3,330 

3,230 

i. 

3,160 

3,100 

in 

3,230 

3,200 

33 

4,500 

4,410 

23 

3,580 

3,500 

'2 

3,840 

3,730 

14 

2,970 

2,920 

17 

3,990 

3,880 

15 

4,260 

4,190 

9 

2,740 

2,710 

8 

2,690 

2,550 

in 

3,700 

3,370 

3 

1,200 

1,120 

6 

2,820 

2,750 

5 

2,500 

2,260 

3 

1,650 

1,560 

4 

2,320 

2,260 

4 

2,440 

2,260 

1 

660 

620 

2 

1,420 

1,320 

3 

0 
2 

() 
0 

2,220 

1,930 

1,600 

1,500 

0 

u 
1 
0 
0 
0 

1 

0 

1,120 

1,020 

1,400 

1,130 

0 

1 

1,590 

1,350 

Percent 

161 

134 

2,095 

K.2 

2,267 

L49 

3,323 

L28 

4,139 

1  24 

4,738 

1 4  1 

3,995 

L29 

4,514 

141 

5,942 

1  15 

4,756 

136 

5,028 

1  15 

3,909 

134 

5,296 

:i 

5,411 

129 

3,473 

128 

3,380 

1  13 

4,281 

127 

1,504 

134 

3,107 

113 

2,984 

1   12 

1,909 

122 

2,392 

L06 

2,688 

119 

682 

110 

1,345 

102 

2,180 

1  1  1 

1,056 


-  Cubic 

feet 

Percent 

33.26 

9.02 

21 

361.16 

118.93 

33 

377.25 

128.32 

34 

549.08 

186.90 

14 

653.12 

231.38 

>•■• 

647.69 

265.84 

41 

557.86 

224.39 

40 

591.02 

254.17 

43 

742.04 

336.49 

45 

564.69 

269.01 

48 

630.66 

285.51 

4r> 

449.24 

222.79 

50 

591.29 

307.43 

52 

582.04 

308.35 

53 

381.87 

200.52 

53 

381.63 

199.27 

52 

554.00 

258.53 

47 

172.73 

90.50 

52 

356.58 

191.35 

54 

349.83 

183.01 

52 

202.90 

119.10 

V) 

288.62 

148.47 

5] 

311.72 

166.15 

5  I 

81.19 

45.82 

-,., 

178.78 

87.99 

v. 

276.54 

141.33 

'.1 

207.76 


Cubic 



2.58 

18.74 

30.31 

177.27 

32.75 

178.55 

48.12 

258.82 

61.19 

290.70 

69.49 

232.96 

58.22 

208.64 

66.06 

195.12 

86.08 

220.83 

67.98 

150.10 

72.68 

189.09 

56.70 

104.49 

75.09 

121.64 

78.61 

104.46 

51.01 

70.79 

48.76 

75.97 

61.57 

160.47 

22.59 

32.32 

45.84 

63.86 

42.96 

71.76 

29.54 

17.86 

37.73 

55.60 

40.64 

55.19 

10.98 

10.25 

21.79 

41.12 

33.37 

59.75 

33.21 


-.114 


73,930  70,740 


11,580.53  5,342.11 


1,337.56 


3,326.49 


—  Scribner  scale. 

2  / 

—  Volumes  of  lumber,  sawdust,  and  residue  do  not  total  the  log  volume  due  to  losses  from  surfacing,  end  trimming  of  surfaced-dry 

lumber,  and  shrinkage. 
3/ 


4/ 


Percent   of   net   log   scale. 

Surfaced-dry. 

Percent   of   gross   cubic   volume. 
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Table  13.— Log  scale,  lumber  tally,  and  cubic  volumes  by  scaling  diameter  of 
white  and  red  fir  sawn-length  logs,  log  grade  No.  4 


Log 

Number 

of 

logs 

Log 

scale- 

Lumbei 

tall  v 

Cubic  vol 

2/ 
ime— 

scaling 
i  i  amel  e i 
(inches) 

Gross 

Net 

Volume 

3/ 
Recovery-^ 

Log 

Lumber- 

Lumber   c , 
recovery— 

!    Sawdust 

Residue 

Percent 
152 

—    -   —   Ciihi1^   f&e'i'   —    —   — 

Percent 

Cubic 

feet  -   -   -   - 
19.13 

9 

3 

100 

B0 

122 

29.80 

6.96 

23 

1.72 

10 

10 

490 

480 

SI  7 

170 

131.46 

46.26 

35 

11.48 

60.61 

11 

2 

90 

90 

L09 

121 

19.58 

6.23 

32 

1.63 

9.86 

L2 

9 

i,in 

620 

970 

156 

135.16 

55.28 

41 

13.58 

50.73 

i  i 

8 

hi  li.i 

600 

925 

154 

119.60 

52.09 

44 

13.48 

38.64 

14 

B 

770 

760 

1,070 

141 

151.70 

62.53 

41 

14.90 

57.19 

L5 

6 

760 

740 

1,003 

136 

136.17 

57.83 

42 

13.64 

49.0  3 

li. 

22 

3,220 

3,080 

4,294 

139 

560.81 

247.45 

44 

58.46 

187.81 

17 

15 

2,400 

2,310 

3,116 

1  V, 

395.51 

180.90 

46 

41.31 

125.86 

L8 

11 

2,050 

1,850 

2,546 

1  JH 

329.52 

152.49 

46 

34.34 

102.45 

I 'j 

17 

3,540 

3,390 

4,424 

131 

553.67 

260.42 

47 

62.09 

158.24 

2U 

15 

3,750 

3,470 

4,145 

119 

560.71 

245.90 

44 

56.72 

191.45 

21 

12 

3,400 

3,220 

4,260 

132 

503.04 

251.59 

50 

58.69 

123.70 

22 

1  ! 

3,690 

3,510 

4,505 

128 

545.39 

273.32 

50 

66.96 

123.69 

:j 

]  1 

3,930 

3,620 

4,571 

126 

553.35 

283.86 

51 

65.89 

123.77 

2'. 

12 

4,750 

4,260 

5,617 

132 

687.15 

347.61 

51 

80.76 

160.93 

25 

12 

5,230 

4,750 

5,568 

1  17 

709.73 

350.41 

49 

79.48 

182.32 

.'(. 

12 

5,170 

4,800 

5,811 

]  _'! 

693.50 

358.11 

52 

84.14 

149.06 

27 

17 

9,270 

8,050 

9,163 

I  14 

1,203.04 

579.35 

48 

134.73 

322.32 

28 

7 

3,920 

3,580 

4,355 

122 

516.12 

279.48 

54 

66.36 

87.39 

J'i 

17 

10,280 

9,570 

11,094 

lift 

1,353.93 

711.66 

53 

166.43 

268.36 

in 

lh 

10,220 

9,490 

11,147 

117 

1,335.00 

716.20 

54 

166.70 

244.71 

3] 

6 

4,170 

3,730 

4,395 

]  18 

533.00 

286.21 

54 

67.27 

95.31 

32 

9 

6,280 

5,790 

6,975 

1  20 

826.87 

448.36 

54 

106.41 

139.47 

33 

6 

4,680 

3,650 

5,258 

144 

636.17 

341.70 

54 

78.22 

118.23 

S4 

in 

7,800 

7,030 

8,468 

120 

1,054.47 

561.04 

53 

131.22 

195.68 

15 

9 

7,920 

7,280 

8,482 

117 

1,024.82 

558.74 

55 

134.73 

160.21 

lb 

7 

6,560 

5,680 

7,139 

126 

854.60 

466.40 

55 

113.68 

130.93 

!7 

6 

6,180 

5,680 

6,068 

107 

770.04 

406.30 

53 

97.33 

141.43 

38 

3 

3,210 

3,010 

3,443 

114 

398.34 

228.22 

57 

54.05 

46.40 

39 

7 

7,840 

6,970 

7,947 

114 

974.16 

530.14 

54 

127.02 

152.93 

40 

2 

2,400 

2,230 

2,366 

106 

286.30 

161.12 

56 

38.14 

37.42 

.'.1 

5 

6,350 

5,680 

6,583 

L16 

777.29 

436.05 

56 

105.35 

100.82 

42 

4  1 
44 

2 

0 
2 

2,680 

2,430 

2,615 

10H 

319.01 

176.36 

55 

42.21 

45.95 

2,960 

2,740 

2,833 

111) 

349.56 

187.90 

54 

46.23 

55.76 

1 

1,520 

1,410 

1,678 

119 

184.68 

103.17 

56 

25.60 

24.61 

46 

1 

1,590 

1,470 

1,541 

105 

192.80 

105.78 

55 

25.72 

27.78 

Total 

.1  '.i  i 

150,390 

137,100 

165,423 

121 

20,406.05 

10,523.42 

52 

2,486.67 

4,310.18 

—  Scribner   scale. 
2/ 

-     Volumes   of    lumber,    sawdust,    and   residue   do  not:    total   the   log  volume   due    to   losses   from  surfacing,    end   trimming  of   surfaced-dry 
lumber,  and   shrinkage. 

—  Percent   of  net   log  scale. 
4/ 

—  Surfaced-dry . 

—  Percent   of   gross    cubic  volume. 
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Table  14.— Log  scale,  lumber  tally,  and  cubic  volumes  by  scaling  diameter  of 
white  and  red  fir  sawn-length  logs,  all  logs 


og 
ling 
meter 
ches) 

Number 

of 

logs 

Log 

scale- 

Lumber 

tally 

Cubic   vol 

2/ 
ume— 

Gross 

Net 

I                           1 

Volume 

3/ 
Recovery— 

Log 

Lumber- 

Lumber   .  . 
recovery— 

|      Sawdust 

Residues 

n           t    ^    _, 

Percent 

-   -   -  Cubic 

feet  

Percent 

-  -  -     ill 

•',  et 

7 

6 

120 

120 

161 

134 

33.26 

9.02 

27 

2.58 

18.74 

S 

56 

1,340 

1,320 

2,139 

H..' 

373.33 

121.41 

13 

10.9  1 

185.63 

9 

53 

1,820 

1,740 

2,540 

L46 

446.36 

143.86 

32 

223.71 

10 

69 

3,420 

3,370 

4,494 

133 

743.98 

253.52 

34 

64.76 

351.37 

11 

64 

4,000 

3,930 

4,828 

12  1 

776.83 

269.95 

15 

71.r>h 

353.61 

12 

60 

4,590 

4,480 

6,381 

142 

914.83 

358.82 

54 

92.86 

356.94 

13 

49 

4,360 

4,280 

5,742 

134 

785.42 

321.91 

41 

83.82 

283.93 

14 

48 

5,030 

4,970 

7,045 

1  4  2 

946.43 

399.29 

\2 

102.42 

327.36 

15 

50 

6,750 

6,590 

8,973 

136 

1,131.78 

509.04 

:,', 

128.49 

346.98 

lh 

60 

9,200 

8,900 

11,995 

135 

1,551.34 

682.57 

44 

169.10 

506.30 

17 

48 

8,180 

7,900 

10,689 

1  35 

1,359.61 

610.28 

150.60 

426.00 

18 

35 

7,120 

6,780 

9,001 

I  1  i 

1,146.59 

521.87 

46 

126.69 

351.48 

19 

45 

10,140 

9,720 

13,035 

l  14 

1,555.89 

760.95 

49 

184.81 

394.53 

20 

39 

10,530 

10,030 

12,444 

124 

1,515.13 

724.68 

.,  8 

177.65 

405.40 

21 

35 

10,340 

9,950 

12,877 

124 

1,584.58 

753.60 

48 

184.39 

430.31 

22 

32 

10,340 

9,810 

12,782 

130 

1,514.83 

762.01 

50 

188.05 

340.02 

23 

34 

12,570 

11,510 

14,433 

125 

1,855.40 

880.11 

47 

212.78 

505.70 

24 

25 

10,000 

9,180 

11,780 

12K 

1,438.75 

722.24 

50 

174.58 

329.81 

25 

32 

14,430 

13,200 

15,120 

115 

1,993.24 

943.90 

4  7 

224.95 

548.33 

26 

23 

10,670 

9,890 

11,911 

12(1 

1,490.34 

738.12 

50 

175.46 

362.28 

27 

27 

14,770 

12,760 

14,597 

1  1  . 

1,930.40 

930.30 

48 

219.70 

506.72 

28 

H. 

9,140 

8,510 

9,743 

114 

1,171.96 

623.71 

5  ! 

150.96 

207.92 

:9 

32 

19,580 

17,230 

20,658 

12i) 

2,657.81 

1,322.96 

50 

312.12 

633.87 

10 

24 

15,240 

13,450 

15,651 

116 

2,085.13 

1,010.65 

48 

238.97 

536.11 

31 

17 

11,980 

10,770 

11,977 

111 

1,588.32 

787.94 

50 

190.19 

368.87 

32 

22 

15,710 

13,960 

16,718 

120 

2,137.48 

1,081.36 

31 

258.89 

473.00 

33 

15 

11,510 

9,540 

12,097 

1 2  7 

1,626.73 

798.36 

49 

186.97 

404.35 

34 

1-. 

12,600 

11,440 

13,551 

1  L8 

1,696.94 

900.96 

53 

211.84 

314.44 

15 

17 

15,170 

13,590 

15,738 

116 

2,065.69 

1,047.36 

51 

253.15 

441.89 

36 

10 

9,550 

8,040 

10,151 

126 

1,320.02 

663.89 

50 

160.06 

293.43 

3? 

1  < 

13,520 

11,480 

12,922 

113 

1,859.79 

866.32 

4  7 

210.40 

511.69 

38 

9 

9,630 

8,630 

9,749 

113 

1,341.43 

656.76 

.4 

158.33 

321.10 

)4 

12 

13,440 

11,850 

13,759 

1  L6 

1,741.09 

918.98 

53 

222.23 

313.18 

40 

6 

7,220 

6,570 

7,225 

110 

966.17 

493.17 

M 

118.99 

199.01 

4  1 

7 

9,050 

7,740 

9,174 

119 

1,251.60 

608.90 

49 

14  7.60 

305.97 

42 

4 

5,030 

4,070 

4,544 

1  12 

625.17 

303.19 

48 

73.07 

155.30 

43 

1 

1,400 

1,130 

1,372 

121 

165.14 

89.50 

54 

21.66 

26.46 

44 

H 

11,470 

9,470 

10,589 

112 

1,611.54 

724.63 

4 

177.92 

475.22 

45 

1 

1,520 

1,410 

1,678 

1    14 

184.68 

103.17 

■.(, 

25.60 

24.61 

46 

2 

3,180 

2,820 

2,887 

102 

393.98 

193.24 

'.4 

46.11 

95.61 

47 

0 

— 

— 

— 

-- 

— 

— 



-- 

-- 

48 

1 

1,080 

940 

4  HO 

104 

128.30 

68.88 

54 

16.74 

20.69 

49 

2 

3,150 

2,750 

2,772 

101 

398.03 

190.89 

,s 

46.97 

98.94 

50 

1 

1,870 

1,350 

1,321 

98 

264.71 

92.65 

15 

23.87 

116.07 

Total 

1,126 

361,740 

327,170 

398,223 

122 

52,370.03 

24,964.92 

48 

6,055.47 

13,892.88 

1/ 


Scribner  scale. 


Volumes  of  lumber,  sawdust,  and  residue  do  not  total  the  log  volume  due  to  losses  from  surfacing,  end  trimming  of  surfaced-dry 
lumber,  and  shrinkage. 

—  Percent  of  net  log  scale. 

4/ 


Surfaced  dry. 


5/ 


—  Percent  of  gross  cubic  volume. 
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Table  15.— Lumber  grade  yields  by  seal  L 


scaling 
diameter 
(inches) 


Number 

of 

logs 


Lumber 

tally 

volume 


Lumber  grade 


C 
Select 


D 
Select 


Moulding 


Factory 
Select 


1 
Shop 


2 
Shop 


3 
Shop 


Sh 

Oil 


11 

2 

12 

2 

13 

0 

14 

0 

r> 

3 

16 

c> 

17 

3 

IK 

I 

L9 

4 

20 

1 

21 

3 

22 

5 

2S 

4 

4 

25 

5 

26 

5 

21 

J 

28 

2 

29 

2 

10 

3 

31 

3 

12 

5 

J  3 

4 

'A 

0 

35 

4 

it, 

1 

J  7 

3 

',:-; 

3 

39 

3 

40 

2 

41 

1 

42 

ii 

43 

0 

4 

45 

0 

■V, 

0 

47 

0 

48 

0 

'.'.' 

1 

50 

1 

Board  feet 

144 
155 


-Percent  o/-  lumber  tally  volume 


■ 


603 
1,000 

725 

768 
1,152 

214 
1,835 
1,979 
1,774 
1,794 
2,150 
2,530 
1,052 
1,214 
1,349 
1,701 
1,762 
3,776 
2,904 

3,447 
1,077 
2,598 
3,132 
3,599 
2,500 
1,180 


5,053 


1,617 
1,321 


.35 
3.16 

.95 
1.07 

.59 


12.39 
1.69 
3.88 
0 


.71 
.12 

.76 
.76 
.93 
.92 


3.39 
5.85 
2.08 
3.38 
3.53 
3.32 
0 


0 

1.70 
0 
0 

2.86 
3.74 
.71 
3.08 
2.59 
3.68 
3.72 
1.34 
2.57 
7.41 
4.00 
6.82 
2.78 
2.99 
5.37 

.49 
2.32 
2.23 
3.45 
2.45 
5.68 
0 


0 

3.91 
5.99 
0 

5.94 

7.73 

6.54 

6.35 

21.58 

21.07 

23.67 

19.28 

37.51 

26.40 

33.31 

20.37 

26.07 

38.56 
29.06 
38.49 

31.96 
26.23 
41.96 
24.83 


0 
0 
0 
0 
0 
0 

.54 
0 

1.52 
0 


.84 
0 

4.75 
2.47 
1.26 
5.64 
2.16 
3.28 
3.34 

3.02 
0 

3.89 
5.56 

5.83 
1.88 


0 
0 
0 
0 
0 
0 

.44 

1.41 

2.14 

5.35 

2.65 

4.35 

11.60 

6.59 

4.74 

5.88 

11.01 

14.72 

11.85 

11.81 
7.24 

11.24 
5.30 

13.06 
3.44 

16.69 


4.02 
5.00 


8.66 
4.39 


1.05 
2.80 


37.91       0 
55.03       0 


4.67 


.80    11.75 
4.62     2.88 


56,105 


2.64     7.15 


—  Includes  Construction  grade  2  x  4's. 
2/ 

—  Includes  Standard  grade  2  x  4  s. 

—  Includes  Utility  grade  2  x  4's. 


0 

0 

2.21 

0 

3.65 

0 

3.71 

1.41 

5.24 

6.58 

4.56 

8.02 

4.37 

6.18 

2.37 

4.12 

7.21 

6.49 

2.96 

6.09 

5.57 


4.51 
6.81 


0 
4.2* 


2.01 
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for  grade  No.  1  white  and  red  fir  logs 


Lumber  grade  (continued) 


,-V 


No.  3- 


2 
Common 


4 

i  (immnn 


Percent  of  lumber  tally  volume 


• 


Includes  Economy  grade  2  x  A's. 
Percentages  may  not  total  due  to  rounding. 


Common 


Dunnage 


23.61 

25.00 

19.44 

0 

0 

5.56 

0 

n 

ll 

17.42 

16.13 

19.35 

0 

0 

._ 

0 

i) 

._ 

0 

.. 

i) 

4.98 

21.72 

17.41 

0 

99 

0 

0 

— 

0 

— 

IJ 

14.90 

32.60 

13.60 

0 

40 

2.40 

0 

0 

0 

20.14 

14.07 

12.55 

0 

0 

1.10 

0 

0 

0 

17.06 

12.24 

6.64 

0 

0 

0 

0 

0 

7.68 

20.57 

15.63 

8.94 

i) 

0 

0 

0 

1) 

0 

3.27 

30.84 

42.99 

1.1 

0 

0 

0 

0 

0 

10.14 

9.21 

15.04 

0 

0 

0 

87 

0 

3.49 

8.24 

23.40 

2.68 

0 

0 

.15 

0 

0 

6.32 

13.02 

8.68 

6.60 

0 

0 

0 

90 

0 

7.22 

6.47 

9.75 

2.62 

0 

0 

0 

39 

1) 

12.76 

4.98 

12.18 

7.30 

.74 

74 

.56 

0 

0 

10.56 

9.53 

11.39 

4.03 

0 

0 

.63 

44 

IJ 

12.09 

4.94 

7.13 

5.32 

0 

l> 

0 

0 

0 

13.69 

7.91 

3.54 

1.81 

0 

0 

0 

0 

0 

14.91 

3.11 

10.82 

5.41 

0 

0 

0 

0 

0 

13.86 

4.94 

13.64 

9.23 

0 

94 

.82 

0 

0 

13.46 

2.50 

3.63 

9.31 

1.) 

0 

1.59 

0 

1. 

25 

11.98 

6.54 

10.25 

8.45 

0 

1) 

.29 

21 

0 

13.00 

5.85 

8.99 

11.23 

0 

0 

0 

0 

0 

9.85 

4.41 

6.38 

5.92 

0 

0 

0 

0 

0 

8.50 

2.97 

13.00 

12.26 

t) 

0 

0 

IJ 

0 

12.35 

3.66 

4.04 

13.28 

0 

0 

0 

0 

IJ 

9.85 

9.32 

4.28 

1.98 

.29 

0 

.22 

0 

0 

11.91 

9.37 

6.95 

4.89 

0 

44 

0 

1  1 

25 

8.59 

2.32 

7.00 

4.36 

0 

64 

1.44 

0 

32 

9.40 

3.64 

11.27 

11.27 

0 

0 

0 

0 

1. 

Hb 

10.17 

6.37 
2.35 

8.23 
2.73 

1.18 
5.22 

0 

0 

0 
0 

0 

(J 

1.48 
0 

n 
0 

6.43 
3.26 

6.87 

9.35 

7.12 

.05 

.13 

.34 

.15 

.11 

9.32 

:;i 


Table  16.— Lumber  grade  yields  by  scalin  itrk 


Log 

scaling 

diameter 

(inches) 


9 
LO 

11 
L2 

1  i 
14 

15 

Lb 
17 
18 
L9 

2  0 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

3  2 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 

4  5 
40 
47 
48 
49 


Number 
of 
logs 


1 
4 

r. 

6 
6 
6 

10 


Lumber 

tally 

volume 


Lumber  grade 


C 
Select 


D 
Select 


Moulding 


Factory 
Select 


1 
Shop 


2 
Shop 


Board  feet       ------------     Percent  of  lumber  tally  volume- 


44 

131 

354 

4  36 

518 

822 

1,461 

1,425 

1,945 

1,820 

1,778 

2,163 

2,674 

3,309 

2,918 

3,807 

2,865 

4,295 


0 
0 
0 
0 
0 
0 
o 
u 

0 

0 

0 

0 
.30 

0 

u 

0 
.87 
.42 

0 


2,473 

0 

1,782 

.73 

5,527 

1.09 

2,121 

.61 

4,475 

1.39 

3,787 

1.14 

3,935 

.25 

3,349 

2.12 

3,809 

0 

1,935 

0 

4,256 

1.10 

3,174 

1.89 

1,157 

0 

2,359 

3.60 

1,411    • 

1.28 

1,929 

.31 

980 

1,155 


4.81 


7.76 
11.77 


0 

0 

0 

0 

3.47 

0 

0 

0 
.41 

0 

0 
.37 
.73 
.27 
.27 
.24 

0 
.61 

0 

1.82 

3.98 


0 

0 

0 

0 

0 

0 
.48 

0 

0 

1.43 

1.01 

0 
.49 
.57 
.96 

3.13 

3.00 

3.42 

1.71 
.73 

1.85 


1.18 

1.25 

0 

.47 

0 

2.28 

.26 

2.48 

.20 

1.17 

1.70 

2.18 

0 

5.33 

1.40 

0 

2.19 

3.27 

1.17 

2.93 

4.67 

10.54 

0 

.85 

0 

3.05 

0 

2.70 

4.18 
.87 


7.24 
1.99 


0 
0 

1.41 
0 

0 

o 

0 

.49 

.31 

.55 

1.35 

.28 

2.80 

3.35 

1.99 

6.99 

4.89 

7.17 

5.97 

17.75 

12.29 

10.73 

5.89 

15.64 

11.96 

15.04 

21.53 

18.11 

11.83 

11.70 

14.62 

25.15 

36.41 

34.09 

16.54 

37.85 


34.69 
40.69 


.35 
.40 


0 
1.13 


9.69 


7.35  8.57 

1.56  4.07 


3 
Shop 


Shop 
Out 


0 

0 

0 

0 

0 

0 

0 

2.65 

0 

4.80 

0 

0 

0 

0 

0 

2.48 

0 

0 

0 

0 

0 

0 

0 

0 

0 

.89 

0 

1.30 

0 

0 

.49 

.98 

0 

0 

.72 

.41 

0 

.82 

0 

1.10 

0 

0 

1.52 

.39 

0 

.46 

1.11 

1.20 

0 

3.66 

5.46 

1  .05 

.21 

1.87 

2.90 

1  .  09 

0 

5.14 

3.77 

2  .  06 

2.63 

5.23 

5.04 

i  .  34 

1.22 

9.32 

7.89 

0 

1.00 

5.73 

6.47 

2.  19 

0 

20.99 

0 

0 

4.57 

10.76 

7.16 

1.21 

3.98 

11.34 

4.21 

0 

1.90 

9.35 

7.58 

1  .HI 

2.92 

14.57 

14.99 

1.79 

3.31 

16.69 

5.63 

.89 

5.57 

12.20 

2.69 

.98 

3.84 

17.71 

11.26 

!  .35 

8.99 

12.12 

6.60 

1  .38 

6.14 

12.79 

5.43 

1  .00 

6.61 

36.07 

1.86 

.67 

2.87 

21.12 

9.45 

.42 

0.84 

20.92 

3.72 

.38 

2.79 

0 

0 

1.73 

8.18 

9.20 

3.31 

0 

0 

14.10 

1.42 

0 

5.60 

16.02 

4.20 

1.03 

5.82 
4.07 


0 

1.21 


85,688 


1.03 


.  80 


12.32 


3.47 


1.01 


Includes  Construction   grade   2   x   4's. 


2/ 


—  Includes  Standard  grade  2  x  4's. 


3/ 


Includes  Utility  grade  2  x  4's. 
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or  grade  No.  2  white  and  red  fir  logs 


Lumber  grade  (continued) 

-2/ 

,3/ 

/*/ 

1 

2 

3 

4 

; 

No.  2- 

No.  3- 

No.  4- 

Common 

Common 

Common 

Common 

Common 

Dunnage 

tally     ' 
0 

;. 

0 

0 

88.64 

0 

0 

0 

0 

I) 

41.06 

19.27 

21.85 

0 

0 

1.99 

0 

1 

'"1 

0 

24.01 

20.34 

10.17 

.97 

0 

0 

.85 

1) 

1.67 

16.05 

16.51 

7.34 

.75 

1.15 

1.84 

0 

0 

0 

14.67 

23.55 

5.80 

U 

.58 

0 

.96 

0 

0 

22.51 

18.13 

3.16 

0 

0 

0 

0 

0 

0 

18.89 

13.62 

2.95 

0 

.27 

1.  30 

1.16 

0 

1.44 

16.63 

15.72 

13.76 

.39 

0 

1.40 

.28 

0 

2.60 

15.12 

14.55 

3.44 

0 

0 

.57 

0 

0 

0 

15.66 

20.99 

7.20 

ii 

.71 

0 

0 

0 

0 

20.47 

22.49 

8.27 

0 

0 

.51 

0 

1] 

4.78 

18.35 

23.95 

6.06 

0 

0 

.92 

.74 

II 

11.84 

15.78 

21.72 

4.23 

0 

.30 

.64 

0 

0 

3.70 

18.77 

9.79 

5.99 

u 

.39 

0 

.57 

0 

8.31 

18.68 

10.62 

3.12 

0 

.  5  5 

.55 

0 

(1 

6.58 

9.93 

13.42 

6.04 

0 

.42 

.71 

0 

0 

4.62 

19.62 

7.92 

5.86 

0 

0 

0 

0 

0 

J. 53 

11.95 

11.08 

9.48 

0 

1.00 

1.12 

0 

0 

10.76 

16.38 

11.26 

0 

0 

0 

0 

0 

IJ 

7.34 

3.29 

8.73 

13.34 

0 

0 

.65 

1.1 

0 

12.98 

10.04 

10.72 

2.81 

.36 

1.18 

0 

0 

0 

18.86 

10.86 

14.75 

9.08 

0 

0 

.29 

.58 

II 

12.83 

10.00 

11.23 

11.55 

.41 

0 

1.08 

.19 

II 

5.80 

10.34 

9.32 

4.58 

0 

.36 

.40 

.27 

■;i., 

9.18 

13.72 

10.96 

4.81 

.29 

.42 

0 

0 

17 

7.60 

7.29 

6.35 

16.64 

0 

0 

.18 

.41 

0 

10.98 

7.67 

8.51 

10.21 

.56 

0 

.42 

0 

0 

11.20 

8.09 

8.59 

10.18 

0 

0 

.97 

.  J8 

89 

10.42 

12.61 

17.31 

12.04 

0 

0 

0 

0 

0 

13.39 

7.52 

6.98 

7.44 

.59 

.70 

.80 

.38 

0 

K.I,', 

8.64 

6.80 

5.23 

0 

.50 

.13 

.19 

0 

10.52 

7.70 

2.77 

6.56 

.83 

1.38 

0 

2.77 

IJ 

5.53 

4.45 

7.59 

4.54 

0 

0 

0 

0 

0 

11.87 

10.63 

5.67 

9.92 

0 

0 

0 

0 

II 

7.94 

6.95 

17.16 

10.42 

0 

.57 

.83 

1.56 

21 

8.97 

.SI 


.71 

2.51 

6.12 

4.50 

4.08 
5.54 

ii 
u 

0 

0 

0 

u 

u 

ii 
(J 

8.16 
11.34 

11.52 

11.43 

7.65 

.14 

.29 

.44 

.27 

.  08 

8.42 

udes  Economy  grade  2  x  4 '  s  . 

entages  may  not  total  due  to  rounding. 
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Table  17.— Lumber  grade  yields 

1 

by  scaling  diami  1 

? 

Log 

Number 

Lumber 

Lumber   grade 

scaling 

of 

logs 

tally 
volume 

diameter 

B 

C 

D 

Factory 

1 

2 

3 

Sho 

(  indies  ) 

Select 

Select 

Select 

Moulding 

Select 

Shop 

Shop 

Shop 

Out 

1'' 

7 

8 

4 

10 

11 

12 
13 

14 
L5 

Hi 
1/ 

IK 

L9 
20 

21 

2  2 
23 
24 

r> 

21, 

27 

2  8 

2'« 
Ill 

31 
12 

33 
14 
15 
». 

37 
'.;-; 

VI 

40 
41 
42 
43 
44 
45 
4(, 


Board 

feet 

6 

161 

0 

55 

2,095 

(J 

46 

2,267 

0 

53 

3,323 

ii 

54 

4,139 

II 

43 

4,738 

0 

35 

3,995 

II 

in 

4,514 

0 

33 

5,942 

I) 

23 

4,756 

0 

22 

5,028 

0 

14 

3,909 

0 

17 

5,296 

0 

15 

5,411 

0 

4 

3,473 

0 

8 

3,380 

0 

10 

4,281 

0 

3 

1,504 

11 

b 

3,107 

0 

5 

2,984 

0 

3 

1,909 

0 

4 

2,392 

0 

4 

2,688 

II 

1 

682 

0 

2 

1,345 

0 

3 

2,180 

(1 

ii 

— 

2 

1,734 

0 

0 

— 

0 

— 

0 

-- 

0 

— 

1 

1,056 

0 

0 

— 

0 

— 

0 

— 

1 

1,372 

1] 

II 

— 

1.1 

— 

1 

1,346 

0 

509        91,007 


Percent  of  lumber  tally  volume—' 


5/ 


.08 


0 

0 
0 

II 

0 

.84 
0 

3.96 
0 
0 


.19 


.  21.1 
.16 
.20 


.  r:>K 


0 


0 

.64 

.67 

1.15 

1.96 

1.97 

7.77 

2.45 

.83 

.52 


U 

0 

.31 

.15 

.12 

.  11 

.1  I 

.29 

.13 

.13 

.08 

1.23 

.28 

1.18 

0 

2.25 
2.08 
.66 
1.51 
1.94 
3.30 
7.48 
4.35 
9.09 
11.38 
3.17 

17.88 


4.55 


0 

0 

CI 

(I 

0 
0 

II 

0 

.54 
0 
0 

.38 

.40 
0 
ii 
0 
0 
1.33 

.74 
2.51 
5.13 
4.47 
2.42 
15.40 
2.53 
2.84 


0 
0 
0 
0 
0 
0 
0 
0 
.22 
.25 
.46 
.77 
.57 
.06 
2.22 
3.17 
4.79 
10.11 
12.78 
7.81 
18.60 
10.16 
18.19 
15.84 
13.09 
16.74 


0 

0 

0 

0 

.46 

.13 

.38 

.  80 

.86 

.90 

1.27 

1.38 

3.38 

3.03 

2.62 

5.03 

4.46 

7.85 

6.57 

5.73 

3.40 

6.06 

2.64 

4.40 

14.87 

9.40 


5.19      13.09        9.46 


1.80        10.61      21.97        5.02 


3.13  12.54  0  19.90        7.65        2.48 


13.67        7.95        4.46 


.04  1.45        4.05        2.86 


0 

•3(  C: 

i.oe  I 

1.1; 
.43 
.5! 
.91 

.91 

i.2j ; 

.29 

.99 

.26 
1. 
0 
3 

2.2 


3.49    ti 
1.01 


—  Includes  Construction  grade  2  x  4's. 
2/ 

—  Includes  Standard  grade  2  x  4  s. 
3/ 

—  Includes  Utility  grade  2  x  4s. 


3  1 


e  No.  3  white  and  red  fir  logs 


Lumber   grade    (continued) 

.,2/ 

.3/ 

,4/ 

1 

2 

3 

4 

5 

No.    2=- 

No.    3r-' 

No.    4- 

Common 

Common 

Common 

Common 

Co 

mmon 

Dunnage 

i        5/ 
volume— 

13.66 

35.41 

16.15 

13.66 

(1 

1.86 

0 

0 

0 

21.33 

27.63 

14.70 

0 

1.53 

1.34 

.14 

0 

.76 

19.01 

24.57 

17.42 

.22 

.71 

1.68 

1.28 

0 

0 

20.28 

23.50 

8.43 

0 

.63 

2.02 

.18 

0 

0 

22.46 

22.20 

7.86 

.58 

.8 

1.69 

.  4* 

(1 

0 

25.41 

24.51 

8.36 

0 

.51 

1.75 

.67 

17 

.72 

19.50 

18.44 

5.48 

.20 

.55 

.83 

.20 

07 

0 

19.93 

22.59 

5.45 

0 

1.20 

2.13 

.51 

04 

0 

27.84 

20.37 

8.11 

.13 

0 

1.09 

.12 

18 

1.03 

24.52 

17.24 

6.54 

.65 

.23 

.86 

0 

1.35 

21.38 

20.56 

7.14 

.22 

.48 

.90 

.24 

J  J 

.26 

28.68 

20.90 

5.68 

0 

.66 

1.59 

.87 

0 

1.10 

24.64 

24.04 

6.98 

0 

0 

1.00 

.40 

0 

4.68 

26.41 

18.70 

7.65 

.13 

.74 

1.33 

0 

0 

1.18 

28.16 

16.36 

5.52 

.46 

.20 

.92 

.12 

0 

.60 

24.14 

25.18 

13.20 

0 

1.42 

.47 

0 

0 

4.97 

12.66 

21.23 

10.42 

.19 

.70 

1.19 

.14 

0 

12.03 

24.34 

27.60 

7.25 

0 

1.06 

.46 

0 

0 

4.26 

19.83 

14.00 

3.89 

.71 

0 

.  35 

n 

0 

12.17 

15.75 

17.02 

15.62 

.37 

0 

.54 

0 

0 

10.72 

27.29 

11.94 

2.52 

0 

.84 

0 

.26 

II 

6.55 

20.49 

14.38 

2.89 

.67 

.58 

.88 

.58 

II 

5.35 

15.63 

13.17 

6.51 

0 

0 

1.19 

.30 

0 

8.74 

10.70 

15.69 

0 

0 

0 

0 

0 

1] 

9.38 

11.90 

11.08 

8.25 

.97 

1.19 

0 

0 

II 

7.96 

10.18 

8.53 

11.23 

.41 

0 

.92 

..'.■( 

0 

21.06 

9.58 


7.15 


6.25     11.84 


10.20 


16.49 


0       19.02 


21.25 


•04     4.24 


Lncludes  Economy  grade  2  x  4's. 
Percentages  may  not  total  due  to  rounding. 
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Table  18 -Lu 

mber  grade  yields  by  sci 

«(« 

Log 

Number 

of 

logs 

Lumber 

tally 

volume 

Lumber   grade 

scaling 
diameter 

B 
Select 

C 
Select 

D 
Select 

Moulding 

Factory 
Select 

i 

Shop 

2 
Shop 

3 
Shop 

7 

Inches 

Board  feet 

rent  of  lumber  tally 

7            5' 

volume— 

- 

" 

3 

122 

0 

0 

0 

ii 

0 

0 

0 

0 

a 

Si 
.1! 

;,« 

U 
11 

s 
-s 

.! 
it 
11 

It 

- 

2 

-« 
1 

10 

10 

8  1  7 

o 

0 

n 

o 

0 

0 

0 

0 

11 

2 

L09 

ii 

o 

0 

0 

0 

0 

0 

0 

12 

> 

'i?o 

0 

0 

0 

0 

0 

0 

0 

0 

11 

S 

925 

0 

o 

0 

0 

'J 

0 

0 

0 

14 

8 

1,070 

0 

0 

0 

0 

0 

0 

.84 

0 

15 

6 

1,003 

0 

0 

0 

0 

0 

0 

0 

0 

L6 

22 

4,294 

0 

.19 

0 

.19 

0 

0 

.42 

.28 

1  / 

15 

3,116 

0 

0 

.19 

0 

II 

0 

0 

.96 

L8 

1  1 

2,546 

0 

0 

0 

1.49 

0 

0 

2.51 

1.69 

19 

17 

4,424 

o 

0 

.47 

.34 

0 

.29 

2.87 

5.85       1 

20 

15 

4,145 

0 

.19 

0 

.41 

0 

0 

4.13 

2.92 

21 

12 

4,260 

0 

0 

.70 

.21 

0 

.54 

1.76 

4.77 

22 

12 

4,505 

0 

0 

.'11 

2.00 

0 

2.84 

11.03 

4.79 

23 

11 

4,571 

.07 

0 

.53 

2.19 

0 

.59 

7.33 

8.44        1 

24 

12 

5,617 

0 

0 

.41 

.45 

0 

2.87 

11.02 

4.74 

2  5 

12 

5,568 

0 

.14 

0 

1.36 

0 

1.98 

11.01 

9.25 

26 

12 

5,811 

0 

0 

.22 

.52 

.40 

2.72 

9.12 

7.64 

"'7 

1  7 

9,163 

n 

ii 

.20 

1.64 

.24 

2.02 

15.74 

8.17        I 

28 

7 

4,355 

ii 

n 

.55 

4.75 

.46 

3.74 

17.82 

10.13       H" 
9.00        ||" 
8.22        ||f 

6.60  II 
8.96        11 
a   /  <;        MM" 

7-76  i! 
6-30  H 
3-77   11 

5    72         ■! 

2.61  0 
3.69       H" 

1  .  48       0 

29 

17 

11,094 

o 

0 

.73 

4.64 

.36 

3.61 

17.37 

Hi 

Hi 

11,147 

0 

0 

0 

2.92 

.22 

5.27 

17.89 

tl 

6 

4,395 

0 

o 

0 

1.87 

0 

4.14 

26.42 

J  2 

9 

6,975 

.19 

0 

.99 

3.21 

.24 

4.03 

20.93 

13 

h 

5,258 

0 

.53 

.72 

4.94 

.78 

5.23 

16.76 

34 

10 

8,468 

0 

.20 

0 

2.44 

.38 

11.16 

24.66 

1'. 

9 

8,482 

.61 

.29 

.95 

4.14 

0 

10.82 

24.15 

ii, 

7 

7,139 

0 

.42 

1.29 

8.99 

.49 

9.06 

21.39 

37 

6 

6,068 

0 

.21 

.87 

6.41 

.30 

12.01 

27.09 

18 

"1 

3,443 

u 

0 

2.24 

7.78 

3.89 

13.62 

18.88 

19 

? 

7,947 

0 

o 

.86 

9.54 

.97 

14.21 

23.49 

.-,ii 

2 

2,366 

0 

0 

.55 

2.62 

.80 

20.96 

34.45 

41 

5 

6,583 

.26 

.96 

2.43 

5.82 

1.18 

13.93 

22.71 

2.22       m 

» 

42 

2 

2,615 

.31 

0 

0 

2.94 

2.18 

14.80 

32.28 

2.45       M"_ 

4  : 

o 

— 

— 

-- 

— 

-- 

-- 

— 

— 

1 

K 

44 

2 

2,833 

ii 

0 

1.76 

9.64 

2.22 

17.54 

20.51 

2.33         .3 

45 

1 

1,678 

0 

0 

0 

3.28 

0 

6.73 

14.48 

4.59       0 

46 

1 

1,541 

0 

0 

2.14 

35.37 

1.95 

11.75 

6.49 

6.36        | 

Total 

330 

165,423 

.06 

.12 

.61 

3.74 

.44 

6.12 

16.08 

5.76        V 

■1 
- 

-7 


Includes  Construction  grade  2  x  4's. 
Includes  Standard  grade  2  x  4's. 
Includes  Utility  grade  2  x  4's. 
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for  grade  No.  4  white  and  red  fir  logs 


Lumber 

grade 

(continued) 

No .    2— 

No.    £> 

4/ 
No.    4-' 

1 
Common 

2 
Common 

3 
Common 

4 
Common 

5 

Common 

Dunii.i:.'.' 

. 

tally  voli 
4.10 

5/ 

4.10 

16.39 

41.80 

of 

u 

0 

0 

0 

0 

20.32 

30.35 

24.24 

1 

0 

.49 

1.10 

.37 

2.57 

20.18 

55.96 

8.26 

0 

il 

0 

0 

0 

0 

36.80 

22.16 

8.35 

n 

0 

1.86 

.31 

'1 

7.42 

26.60 

22.71 

8.11 

'1 

.32 

.43 

1.30 

0 

2.27 

30.65 

26.17 

10.75 

0 

2.15 

2.62 

1.03 

.47 

5.42 

31.11 

30.61 

13.76 

i) 

0 

.80 

.50 

0 

6.38 

28.18 

32.60 

14.67 

0 

0 

1.82 

.54 

.19 

.93 

33.60 

29.69 

9.28 

0 

.26 

.38 

.16 

0 

4.01 

19.91 

27.62 

14.45 

n 

.63 

.  tl 

1.30 

0 

13.51 

22.92 

26.18 

15.01 

0 

.50 

.56 

0 

.16 

3.50 

21.69 

29.34 

13.39 

0 

0 

1.18 

.29 

0 

5.84 

21.29 

32.58 

11.37 

0 

.75 

.66 

.63 

(1 

3.38 

16.07 

29.68 

9.79 

0 

.71 

1.64 

.  11 

0 

2.13 

13.74 

21.68 

11.25 

24 

.■<• 

1.53 

.52 

11 

14.29 

16.35 

24.97 

5.81 

0 

1.19 

1.00 

.'»-. 

0 

14.21 

16.70 

22.56 

12.77 

0 

.77 

.34 

.i.l 

0 

14.57 

18.59 

24.95 

11.84 

0 

.43 

1.45 

1.24 

.12 

7.88 

14.37 

24.06 

10.63 

0 

.59 

.64 

.27 

0 

10.71 

17.75 

20.11 

8.56 

0 

.62 

0 

.37 

6.68 

13.94 

19.46 

7.02 

17 

.26 

.14 

.21 

0 

9.74 

17.40 

14.94 

9.80 

0 

.17 

.76 

.40 

0 

11.12 

11.92 

14.11 

10.19 

0 

.64 

1.43 

.73 

i) 

11.65 

14.65 

17.26 

9.29 

1) 

0 

1.03 

0 

0 

7.11 

9.49 

23.73 

9.59 

0 

0 

.42 

.38 

0 

14.72 

13.19 

12.47 

6.33 

28 

0 

.  13 

0 

.19 

11.09 

8.24 

13.65 

11.04 

15 

.38 

. « '. 

1.30 

0 

6.98 

13.23 

10.80 

7.41 

0 

.57 

.77 

.35 

0 

9.71 

10.77 

14.06 

5.37 

0 

.26 

1.71 

.13 

0 

9.79 

16.50 

9.82 

7.58 

0 

0 

.46 

0 

0 

11.15 

9.01 

15.14 

4.19 

0 

0 

.20 

0 

II 

9.16 

6.21 

12.72 

6.42 

0 

0 

0 

0 

0 

8.92 

8.28 

12.79 

10.25 

24 

.17 

.90 

.46 

11 

8.26 

11.51 

12.31 

2.41 

0 

.31 

0 

.61 

ri 

9.29 

7.70 

11.96 

5.93 

0 

.56 

.85 

0 

ii 

6.78 

23.06 

20.21 

13.05 

0 

0 

.78 

0 

0 

3.64 

7.01 

.58 

6.23 

o 

□ 

0 

.45 

n 

12.26 

15.31 

19.39 

9.34 

05 

.36 

.78 

.40 

.04 

8.98 

Includes  Economy  grade  2  x  4 ' s . 
Percentages  may  not  total  due  to  rounding. 
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Table  19.— Lumber  grade  yields  from  white 


Log 
scaling 
diameter 

Number 

Lumber 

Lumber   grade 

1 

of 
logs 

tally 

volume 
1 

B 
Select 

C 
Select 

D 
Select 

Moulding 

Factory 
Select 

1 
Shop 

2 
Shop 

3 

Shop 

S!  , 
0  : 

Inches 

B    ird  feet 

>/ 

1 

6 

161 

0 

0 

0 

0 

0 

0 

0 

0 

0 

x 

56 

2,139 

0 

ii 

.19 

0 

0 

.1 

0 

0 

9 

'.  ! 

2,540 

0 

0 

0 

.28 

n 

0 

0 

0 

1 

LO 

,,; 

4,494 

II 

0 

ii 

.22 

0 

0 

.38 

0 

11 

64 

4,828 

0 

0 

0 

.  in 

0 

0 

0 

.39 

1  ' 

60 

6,381 

'I 

.28 

0 

.08 

0 

0 

0 

.09 

1  1 

49 

5,742 

1.1 

0 

.14 

.09 

I) 

0 

0 

.26 

14 

48 

7,045 

0 

0 

.20 

.18 

II 

0 

.31 

.51 

15 

50 

8,973 

0 

.06 

.1  1 

.17 

0 

.36 

.14 

.65 

1 

16 

60 

11,995 

0 

.13 

.14 

.23 

11 

0 

.25 

.58 

17 

48 

10,689 

0 

0 

.61 

.13 

0 

0 

.36 

1.03 

18 

35 

9,001 

0 

0 

.20 

1.56 

0 

.17 

1.04 

1.38 

l'i 

45 

13,035 

0 

.06 

.41 

.81 

0 

.26 

1.28 

3.87 

1.J 

I'll 

39 

12,444 

.06 

.36 

.27 

1.25 

0 

0 

2.19 

3.46 

I 

21 

!'■ 

12,877 

0 

.07 

.79 

1.78 

0 

.31 

1.72 

3.56 

1 

22 

32 

12,782 

0 

.22 

1.02 

2.95 

0 

1.00 

6.12 

4.10 

1 

23 

34 

14,433 

.10 

.45 

1.48 

3.96 

0 

1.07 

5.38 

5.97 

1 

24 

25 

11,780 

.21 

.14 

1.49 

2.45 

.08 

1.83 

9.63 

6.18 

25 

32 

15,120 

.25 

.38 

1.63 

5.92 

.11 

1.28 

8.68 

7.24 

21 

23 

11,911 

0 

.1  ) 

.65 

5.51 

.19 

1.96 

8.36 

6.87 

27 

27 

14,597 

.08 

.43 

.58 

6.17 

.15 

3.06 

14.97 

7.10 

2K 

L6 

9,743 

.13 

1.45 

1.99 

8.61 

.21 

3.81 

13.35 

7.55 

1 

2'i 

32 

20,658 

.38 

.31 

1.24 

8.38 

.19 

2.84 

14.51 

7.36 

id 

24 

15,651 

.13 

.26 

1.14 

6.15 

.16 

5.44 

16.04 

8.52 

i 

31 

17 

11,977 

.88 

.26 

1.54 

12.71 

0 

3.36 

19.02 

7.26 

1 

!2 

2  2 

16,718 

.  80 

.27 

1.76 

9.06 

.10 

4.06 

17.01 

7.04 

' 

51 

1  5 

12,097 

.13 

1.48 

1.98 

13.30 

.34 

4.32 

15.89 

7.18 

1 

34 

16 

13,551 

.52 

.55 

.61 

9.14 

.36 

9.86 

20.08 

7.69 

1'. 

17 

15,738 

.66 

.90 

1.91 

15.06 

.10 

7.98 

18.69 

6.04 

1 

36 

LO 

10,151 

.20 

1.18 

1.15 

11.66 

.34 

7.63 

18.87 

3.60 

' 

37 

1  1 

12,922 

.36 

1.24 

1.93 

14.60 

.14 

7.37 

21.94 

7.27 

i 

IK 

9 

9,749 

4.60 

1.47 

2.85 

17.78 

1.37 

10.12 

15.18 

3.09 

; 
• 

t'l 

12 

13,759 

.44 

1.32 

2.02 

14.83 

.70 

11.62 

18.67 

4.18 

' 

AD 

6 

7,225 

2.52 

1.15 

2.42 

27.27 

.26 

10.19 

15.47 

3.00 

0 

11 

7 

9,174 

.38 

.69 

2.21 

12.61 

.85 

10.32 

20.61 

2.76 

li 

42 

4 

4,544 

.31 

0 

1.14 

8.71 

1.25 

10.89 

25.37 

3.19 

1  : 

A3 

1 

1,372 

0 

0 

3.13 

12.54 

0 

19.90 

7.65 

2.48 

0 

44 

8 

10,589 

4.82 

3.06 

2.63 

29.93 

.59 

9.40 

11.06 

3.92 

i  . 

45 

1 

1,678 

0 

0 

0 

3.28 

0 

6.73 

14.48 

4.59 

" 

46 

2 

2,887 

0 

0 

1.14 

22.51 

1.04 

12.64 

7.17 

5.47 

4  7 

0 

_- 

-_ 

-- 

— 

— 

— 

__ 

— 

— 

.; 

IK 

1 

980 

7.76 

4.18 

7.24 

34.69 

0 

7.35 

8.57 

5.82 

49 

2 

2,772 

7.25 

5.41 

1.44 

39.07 

.47 

1.12 

8.55 

4.33 

'.!) 

1 

1,321 

5.00 

4.39 

2.80 

55.03 

0 

4.62 

2.88 

6.81 

2  I 

Total 

1,126 

398,223 

.58 

.60 

1.22 

8.23 

.21 

3.99 

10.70 

4.80 

c 

—  Includes  Construction  grade  2  x  4's. 
2/ 

—  Includes  Standard  grade  2  x  4  s. 
3/ 

—  Includes  Utility  grade  2  x  4  s. 
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Lumber   grade    (continued) 


No.    3 


1/ 


Al 


3 

Common 


4 
Common 


5 

Common 


Dunnage 


35.41 

16.15 

13.66 

0 

1.86 

13.66 

0 

0 

0 

20.89 

27.07 

16.22 

0 

1.50 

1.31 

.14 

0 

.75 

19.60 

23.27 

18.86 

.20 

.83 

1.61 

1.14 

.12 

0 

20.58 

24.50 

11.44 

0 

.47 

1.58 

.40 

.07 

.76 

21.87 

22.54 

8.16 

.50 

.:-:  < 

1.78 

.  ;i 

0 

0 

26.08 

23.87 

8.41 

0 

.42 

1.58 

.63 

.12 

1.66 

21.07 

19.09 

5.57 

.28 

.44 

.64 

.35 

.05 

.37 

21.35 

21.28 

5.74 

.16 

1.15 

2.03 

.72 

.10 

1.12 

24.88 

20.86 

10.26 

.09 

.07 

1.04 

.  is 

.12 

1.81 

23.51 

23.59 

9.54 

.26 

.12 

1.28 

.29 

.07 

.87 

23.89 

22.85 

8.14 

.10 

.42 

.61 

.16 

.10 

1.29 

23.58 

22.37 

8.76 

.08 

.47 

.88 

.74 

0 

5.90 

22.65 

24.01 

9.73 

0 

.17 

.75 

.28 

.05 

5.06 

22.16 

23.10 

9.43 

.06 

.38 

1.11 

.  10 

0 

3.25 

20.91 

19.01 

8.93 

.12 

.40 

.47 

.51 

o 

3.91 

17.59 

23.17 

8.07 

0 

.75 

.85 

.04 

0 

4.55 

12.33 

17.78 

9.05 

.13 

.61 

1.02 

.32 

0 

10.20 

16.66 

18.84 

5.52 

0 

.  70 

.54 

.52 

0 

10.12 

14.32 

16.06 

9.24 

.25 

.68 

.60 

.22 

0 

12.42 

15.84 

19.41 

10.54 

.09 

.21 

.97 

.70 

.06 

9.46 

14.35 

18.66 

9.64 

0 

.48 

.51 

.21 

0 

10.76 

15.78 

14.93 

5.28 

.16 

.61 

V) 

.14 

.16 

9.61 

12.63 

16.81 

7.41 

.09 

.14 

.  11 

.  in 

0 

10.71 

14.75 

14.32 

9.55 

0 

.22 

.78 

.31 

0 

10.58 

9.95 

10.44 

7.75 

.24 

.50 

.91 

.37 

.32 

10.36 

12.02 

13.11 

8.34 

.05 

.10 

.62 

.OS 

.08 

10.37 

7.90 

14.54 

12.27 

.13 

0 

.24 

.30 

0 

12.33 

11.72 

10.81 

7.34 

.  is 

0 

.31 

.  12 

.12 

10.90 

7.37 

10.84 

9.71 

.15 

.20 

.tvi 

.84 

.22 

8.15 

12.02 

12.28 

8.80 

0 

.40 

.54 

.25 

0 

10.69 

8.26 

9.71 

7.64 

.19 

.36 

1.07 

.  \'i 

ii 

9.43 

11.60 

7.05 

5.02 

.09 

.20 

.28 

.06 

0 

11.19 

8.69 

11.27 

5.16 

0 

.23 

.12 

.26 

.06 

9.36 

4.29 

9.06 

5.09 

.19 

.22 

.50 

0 

.1  1 

10.05 

8.04 

11.50 

10.33 

.17 

.12 

.64 

.33 

.24 

8.46 

9.57 

14.37 

5.81 

.35 

.42 

.35 

1.01 

.09 

9.15 

6.78 

10.20 

7.36 

0 

0 

0 

0 

0 

9.33 

3.89 

6.61 

5.65 

.03 

.15 

.42 

0 

0 

8.99 

23.06 

20.20 

13.05 

0 

0 

.78 

0 

1) 

3.64 

8.21 

3.26 

11.02 

'i 

i) 

0 

.24 

0 

15.41 

.71 

6.12 

4.08 

0 

0 

0 

0 

0 

8.16 

4.76 

6.67 

3.00 

(I 

0 

ii 

.86 

0 

8.48 

2.35 

2.73 

5  .22 

1! 

0 

ii 

0 

0 

3.26 

14.66 


8.38 


.71 


Includes    Economy   grade    2    x   4's. 
Percentages   may   not    total   due    to   rounding. 
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The  mission  of  the  PACIFIC  NORTHWEST  FOREST 
AND  RANGE  EXPERIMENT  STATION  is  to  provide  the 
knowledge,  technology,  and  alternatives  for  present  and 
future  protection,  management,  and  use  of  forest,  range,  and 
related  environments. 

Within  this  overall  mission,  the  Station  conducts  and 
stimulates  research  to  facilitate  and  to  accelerate  progress 
toward  the  following  goals: 

1.  Providing  safe  and  efficient  technology  for  inventory, 
protection,  and  use  of  resources. 

2.  Development  and  evaluation  of  alternative  methods 
and  levels  of  resource  management. 

3.  Achievement  of  optimum  sustained  resource  produc- 
tivity consistent  with  maintaining  a  high  quality  forest 
environment. 

The  area  of  research  encompasses  Oregon,  Washington, 
Alaska,  and,  in  some  cases,  California,  Hawaii,  the  Western 
States,  and  the  Nation.  Results  of  the  research  will  be  made 
available  promptly.  Project  headquarters  are  at: 

Fairbanks.  Alaska  Portland,  Oregon 

Juneau,  Alaska  Olympia,  Washington 

Bend,  Oregon  Seattle,  Washington 

Corvallis,  Oregon  Wenatchee,  Washington 
La  Grande,  Oregon 


Mailing  address:     Pacific  Northwest  Forest  and  Range 
Experiment  Station 
P.O.  Box  3141 
Portland,  Oregon  97208 


The  FOREST  SERVICE  of  the  U.  S.  Department  of  Agriculture 
is  dedicated  to  the  principle  of  multiple  use  management  of  the 
Nation's  forest  resources  for  sustained  yields  of  wood,  water, 
forage,  wildlife,  and  recreation.  Through  forestry  research,  co- 
operation with  the  States  and  private  forest  owners,  and  man- 
agement of  the  National  Forests  and  National  Grasslands,  it 
strives  —  as  directed  by  CongrgS^t^^jEWide  increasingly  greater 
service  to  a  growing  Nation. 


ltd 


1973 


USDA  FOREST  SERVICE  RESEARCH  PAPER  PNW-168 


RGENCE  AND  PREMATING  BEHAVIOR 

TERNS  OF 
E  ADULT  EUROPEAN 

E  SHOOT  MOTH  IN 
ISTERN  WASHINGTON 


CFIC  NORTHWEST  FOREST  AND  RANGE  EXPERIMENT  STATION 
3DEPARTMENT  OF  AGRICULTURE  FOREST  SERVICE 

PORTLAND,  OREGON 


ABSTRACT 

Adult  emergence  and  premating  activity  were  recorded 
for  the  European  pine  shoot  moth  in  western  Washington. 
These  records  are  compared  with  those  reported  for  Eastern 
United  States  and  Canada.      Most  comparisons  are  with  records 
for  southern  Ontario  which  are  the  most  comprehensive  for 
North  America.      Observations  were  also  recorded  on  the  possi- 
ble effects  of  some  ecological  conditions  related  to  the 
urban  locality  which  are  unique  in  the  western  infestations. 

Adult  emergence  was  generally  similar  to  emergence 
recorded  elsewhere.      However,    there  were  important  differ- 
ences in  the  emergence  patterns  of  the  sexes  as  related  to 
weather,   intensity  of  infestation,   and  host  species.      There 
were  also  differences  in  the  behavior  of  the  sexes  after 
emergence.      Observations  indicate  that  both  sexes  are  more 
active  during  the  daytime  than  recorded  elsewhere,   and  the 
average  male  is  much  more  active  than  the  average  female. 
Disturbances  associated  with  urban   landscape  plantings  also 
probably  affect  dispersal  of  virgin  adults  before  mating 
can  occur. 


KEYWORDS:  Forest  pest  control,  European  pine  shoot  moth, 
Rhyacionia  buoliana  ,  ornamental  trees,  western 
pines. 
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EMERGENCE 

There  are  three  behavioral  characteristics    of   adult    emergence  which  are 
pertinent  to   the   sterile-male   release  technique:     definitive  stages  of  emergence, 
daily  rhythms,    and  seasonal    rhythms.      They  relate  to  the    number  of  sterile 
males  needed    and  the  time  of  their  release    to  bring  them  into  effective  competi- 
tion with  normal    fertile  males.      Numbers  and    timing  are  critical  because  of  the 
relatively  short  adult  life    of   the   shoot  moth  and  the  need  for  advance  preparation 
in  rearing  and  sterilizing    (Knipling  1964). 

Adult  emergence  begins  when  the  pupa  moves  from  its  chamber  to  a  fixed 
position  protruding  from  the    shoot;  in  the  next  stage  the  moth  emerges  with  its 
wings  folded  and  wet;  next,    the  folded  wings  are  extended;  then  the  extended  wings 
are   raised  vertically  to  dry;    and  finally,    the  dried  wings  are  lowered  to  the 
normal  position  after  which  the  moth  is  capable  of  flight.       These  processes 
usually  occur  on  the  foliage,    but  occasionally  the  pupa  will  move,    fall    off  the 
shoot  and  drop  to  the  ground,    or  newly  emerged  adults  will  drop  from  the  foliage 
while  their  wings  are  folded  and  wet. 


Methods 

The  emergence  stages  were   recorded  by  use  of  a  system  similar  to  the 
one  described  by  Pointing  (1961).      In   1965,    300  infested  shoots  of  mugo  pine 
(Pinus  mugo    Turra)  were  arranged  on  rows   of  small  nails  to  facilitate  examina- 
tion.     Each  shoot  was  examined  every  1  5  minutes  from  dawn  to  dark  for  7  days 
from  June  25  to  July  1.      In  1966,    192  infested  shoots  were  attached  to  the 
branches  of  six  potted  pine  trees.      Each  of  these   shoots  was  examined  every 
1  0  minutes   from  dawn  until  1000  hours  P.d.t.    from  June  22  to  June   30.      Records 
were  made  of  the  duration  of  emergence   stages,    time  of  daily  emergence,    and 
diurnal  activity  periods.      Since  over  30  percent  of  the   300  invested  shoots   studied 
in  Washington  in   1965  proved  on  final  examination  to  be  empty  and  possessed 
suspect  emergence  holes,    a  simple  test  was   set  up  during  emergence   studies  in 
1966.      A  4-  by  4-foot  burlap  cloth  was  placed  on  the  ground  under  each  potted 
tree.      Examinations  were  made  to   record  dropping  pupae  or  adults  during  the 
9-day  period  of  the  daily  emergence   study. 

Seasonal  emergence  was   recorded  by  periodic  examination  of  all  infested 
shoots  on  selected  host  trees.      The  examinations  were  made  every  other  day 
throughout  the  period  of  emergence.      Empty  pupal  cases  were  removed  and 
subsequently  sexed  to  record  the  seasonal  occurrence  and  emergence   rate  of 
adults.      In  1965,    emergence  was   studied  in  a  Seattle  city  park  on  the  shore  of 
Lake  Washington  where  landscaping  was  mainly  lawn  and  scattered  ornamental 
shrubs  including  about  100  mugo  pine.      Twelve  of  these  mugo  pine,    ranging  from 
lightly  to  heavily  infested,    were  included  in  the  study.      In  1967,    the  study 
involved  the  influence  of  different  host  species   on  adult  emergence.      A  wide 
variety  of  hosts  is   one  of  the  unique  characteristics   of  western  Washington 
infestations.       The    hosts    investigated   were    mugo    pine,     Scotch    pine    (Pinus 
sylvestris     L.  )  ,    lodgepole  pine   (P.    oontorta    Dougl.  ),    and  Japanese   red  pine 


(P.    densiflora  Sieb.    &    Zucc.  ),    all  of  which  are  widely  planted  as  ornamentals  in 
western  Washington  and  heavily  attacked  by  the  shoot  moth.      A  total  of  30  pine 
trees  was  used:       15  mugo,    and    5  each  of   lodgepole,  Scotch,    and  Japanese   red. 
All  were    6  years  old,    of  unknown  seed  source    but  of  good    vigor  and  bud  comple- 
ment.     All   were    planted  in  1  5-inch  wood  fiber  pots.      None  of  the  trees  had  been 
infested  before  the  study  began.      The    trees  were    given  heavy  infestations  in 
1966    by  a  combination    of   natural  and  forced  attacks.      Natural  attacks  on  the  test 
trees  were  induced  by  placing  the  potted   trees  in    an  infested    area  when  ovipositing 
females  were    in  flight.      Since  this  procedure  produced    a  total  infestation  of  less 
than  10  percent  of  the    available  shoots,    additional    attacks  were  obtained  by 
fastening  infested  shoots  near  uninfested  buds.     The  adult  emergence  from  these 
trees  was   recorded  by  continuous  examination    during  June  and  July  of  1967. 


Results  and  Discussion 


Stages  of  Emergence 


Total  elapsed  time  from  protrusion  of  the  pupa  until  the  new  adult  was 
capable  of  flight  ranged  from  less  than   30  minutes  to  over  110  minutes.      Com- 
paring these  elapsed  times  in  minutes  with  those   recorded  by  Green  (1965)  for 
the  Ontario  study  of  1958,    shows  the  latter  to  be  about  one-third  longer. 


Ontario 

1958 

w 

ashington 
1965 

Washington 
1966 

Range 
Average 

46  -  98 

71 

30   -   90 
54 

30  -    110 
56 

The  duration  of  the  emergence  stages  comprising  the  total  elapsed  times  are 
presented  in   table   1. 

Table   1  .--Average  duration  of  the  stages  of  adult  emergence  of  European  'pine 
shoot  moth  at  Seattle,   Washington,   in  1965  and  1966— 


Emergence 

1965 

1966 

stages 

Males 

Females 

Males 

Females 

Adult  escape  from  protruding 
pupal   case 

Extending  wings 

Drying  wings 

All   stages 


Minutes  -  -  -  - 

22 

19 

22 

14 

16 

15 

26 

21 

18 

16 

18 

17 

56 


50 


66 


52 


-    The  1965  records  are  based  on   11   males   and  12  females,   and  the  1966 
records  on  11   males  and  15  females. 


The  duration  of  the  emergence  processes    determines  the  period  of 
vulnerable    exposure  to  predators.     However,    the  percent  mortality  in  emerging 
pupae  and  adults    that  may  be  caused  by  predators  is  not  known.       Juillet  (  1961) 
in  his   studies    on  arthropod  predators   of   the  shoot  moth  did  not  consider  emer- 
gence as  one  of  the  periods  of  greatest  vulnerability.      Pointing  (1961)    studied 
adult  predation  using  radioactive  tagging  to  identify  and  record  predators.      He 
stated  that  although  it  is  likely  that  most  moths  eventually  fall  prey  to  some 
predator,    relatively  few  predators  are  capable  of  capturing  large,    vigorous 
individual  moths.      Green  (1965)  pointed  out  that  the  emerging  pupae  and  the 
teneral  adults  are  particularly  vulnerable  to  birds  and  arthropod  predators.     He 
recorded  the  duration  of  these  vulnerable  stages  for  the  shoot  moth  in  Ontario 
during  1958.      The  studies  in  Washington  have  shown  similar  elapsed  times. 

Other  sources  of  mortality  during  adult  emergence  include  the  complete 
issuance  and  dropping  of  pupae  from  infested  shoots  and  the  dropping  of  teneral 
adult  moths.      The  dropping  of  pupae  from  the  shoots  is  considered  a  mortality 
factor  because  of  the  increased  exposure  of  the  pupae  to  predators  and  because 
adults  may  not  readily  emerge  from  the  free  pupae.      Pointing  (1961)   reported 
that  of  240  pupae  dissected  from  infested  shoots  only  29  percent  produced  adults, 
whereas  the  emergence  from  1,127  pupae  in  buds  was  81   percent.      Green  (1  965), 
reporting  on  laboratory  studies,    stated  that  25  percent  of  the  pupae  held  in 
continuous  darkness  emerged  completely,    dropped  to  the  floor  of  the  cage,    and 
failed  to  produce  adults.      Pointing  (1961)    also   reported  that  normally  in  Ontario 
only  about  1   percent  of  the  pupae  completely  emerge. 

No  pupae  or  adults  were   recorded  dropping  from  the  foliage  of  the  six 
potted  trees  in  1966.      Although  only  36  adults  were  actually  observed  emerging 
(42  emerged  unseen,    either  between  10-minute  examinations   or  in  the  afternoon 
hours),    there  was  no  evidence  that  either  pupae  or  teneral  adults  dropped.      In 
1965  the  dropping  of  new  emerged  adults  from  shoots   secured  on  nails  •was 
observed  only  five  times,    and  three  of  these  were  judged  to  be  spontaneous 
movements  not  caused  by  disturbances.      However,    over  30  percent  of  the 
recorded  emergences  were  unobserved,    the  adults  escaping  from  their  pupal 
case  and  leaving  the  shoot  between  1  5-minute  examinations.      The  proportion  of 
these  adults  which  were  teneral  and  incapable  of  flight  is  not  known. 

Apparently  in  western  Washington,    as  in  southern  Ontario,    pupae   rarely 
emerged  completely  from  their  shoots,    and  normal  undisturbed  teneral  adults 
seldom  drop  from  the  foliage.      Therefore,    the  behavior  activities   of  immature 
forms  are  not  considered  important  mortality  factors.      The  effect  of  urban 
disturbances  on  the  behavior  of  fully  mature  adults  is  discussed  later  in  this 
paper. 

Daily  Emergence  Rhythms 

Daily  emergence  was  found  to  be  completely  diurnal  in  the  field  with  no 
emergence  before  0510  hours  and  none  later  than  1  930  hours  P.  d.  t.      The  pattern 
of  daily  emergence  for  1965  showed  a  primary  peak  in  the   early  morning  at  0800 
and  a  secondary  peak  in  the  evening  at  1900  hours   (fig.    1).      About  76  percent  of 


Figure   1. — Daily  field 
emergence  pattern  of  32 
male  and   38  female  adult 
European  pine  shoot   moth 
at  Seattle,    Washington, 
1965. 
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the  total  emergence  occurred  between  0600  and  1000  hours.      These  data  agree 
closely  with  records  from  infestations  in  Ontario  (Green  1965).      Our  studies 
also  recorded  the  emergence  patterns  by  sex  (table  2).      The  early  morning 
peak  was   similar  for  both  sexes,    but  only  the  females  showed  an  evening  peak. 

In  1966,    daily  emergence  was  diurnal  but  lacked  the  definite  morning 
peak.      Only  55  percent  of  the  total  emergence  occurred  before  1000  hours, 
whereas  emergence  during  comparable  periods  was  70  percent  in  Ontario  in 
1958   (Green  1965)  and  76  percent  in  Seattle  in  1965.      This  variation  in  emergence 
pattern  is  attributed  to  differences  in  weather.      Comparing  Seattle  weather  for 
the  2  years  shows  the  study  period  in  1965  was  about  average  with  temperatures 
below  normal  on   3  days  and  above  normal  on  3  days.      Cloud  cover  averaged  50 
percent  for  the  daylight  hours  with  1   day  completely  overcast  and  1    day  with  a 
trace  of  morning  rain.      In  1966,    the  weather  was  abnormal  with  temperatures 
below  normal  on  all  9  days  of  the  study.      Cloud  cover  averaged  80  percent,    with 
3  days  completely  overcast  and  4  days  with  rain  recorded  in  the  morning. J.' 


—     Data  taken  from  U.S.    Weather  Bureau  records,    Local  Climatological  Data,    Seattle- 
Tacoma  Airport,    Washington. 


Table  2. --Daily  emergence  of  European  -pine  shoot  moth  adults 

at  Seattle,    Washington,    1965 


Time 

Adult  emergence 

(P.d.t.) 

Male 

Female 

Total 

0600 
0700 
0800 
0900 
1000 
1100 
1200 
1300 
1400 
1500 
1600 
1700 
1800 
1900 
2000 


0 

0 

6 

3 

11 

19 

11 

2 

1 

0 

1 

5 

1 

0 

0 

n 

0 

l 

0 

o 

0 

0 

0 

i 

1 

2 

0 

4 

0 

1 

0 
9 
30 
13 
1 
6 
1 
0 
1 
0 
0 

1 

3 
4 
1 


Total 


32 


38 


70 


These  data  corroborate  earlier    observations  in  Washington  and  in  Ontario 
(Green  1965)  that  although  cool  field  temperatures  may    affect  the  pattern  of 
peak    daytime    emergence    they  do  not    alter    the  diurnal    emergence  cycle. 
Even  during  the   relatively  long  periods  of  unseasonably  dark,    cool  weather  in 
1966,    all  emergence  was  diurnal.      No  extreme  changes  in  behavior  were 
observed  such  as  the  excessive  dropping  of  pupae  that  Green  (1965)   reported 
when  they  were  held  in  complete  darkness. 


Seasonal  Emergence  Rhythms 


Adult  emergence  in  western  Washington  during  the  studies  of  1965  and 
1967  occurred  in  a  period  of  about  5  weeks  in  June  and  early  July.      This  is 
similar  to  other  published  records.      Friend  and  West  (1933)  cite  13   references 
to  emergence   or  flight  periods  in  Europe  and  western  Asia.      These  and  later 
records   from  United  States  and  Canada  are: 


Area  Period  Reference 

Europe  and  western  Asia  June  and  July  (5-6  weeks, 

average  flight  period)  Friend  and  West  (1933) 

New  Jersey  June  8   -  July   5  (flight 

period)  Hamilton  (1931) 

Connecticut  June  8   -   July  2 

(emergence  period)  Friend  and  West  (1933) 

Ohio  June  (about  4  weeks, 

(average  emergence 

period)  Miller  and  Neiswander  (1955) 

Southern  Ontario  June  -   July  (3-4  weeks, 

average  emergence 
period)  Pointing  (1961) 


The  seasonal  pattern  of   emergence  is  in  general  a  rapid  increase  to  a 
peak    followed  by  a  more  gradual  decline   (tables   3  and  4).      This  agrees  with 
biological  records  from  studies   in    Eastern  United  States  and  Canada.      However, 
these  eastern   studies  also  characterize   seasonal  emergence  as  protandrous  with 
a  higher  proportion  of  female  adults   (Friend  and  West  1933,    Miller  and  Neiswander 
1955,    Pointing  1961).       The  present  study  shows  that  these  characteristics  may  be 
nullified  or  even  reversed  by  variations  in  intensity  of  infestation  or  by  the  species 
of  host. 

In  1965,    the  total  emergence  from  12  mugo  pine  was  protandrous.      Table   3 
shows  males  emerging  ahead  of  females   until  about  6  days  after  peak  emergence 
when  females  began  to  proponderate.      When  these  data  are  segregated  according 
to  severity  of  infestation  and  compared  graphically,    emergence  is  protandrous 
only  on  the   six  lightly  infested  trees.      On  the  six  moderately  to  heavily  infested 
trees,    the  emergence   rate  of  the  sexes  was   similar  (fig.    2). 

The  study  of  seasonal  emergence  from  different  host  species  in  1967 
suggests  variations  in  the  periods  of  emergence,    in  the  protandry  of  emergence, 
and  in  the  adult  sex  ratio.      The  patterns  of  total  emergence  for  four  common 
host  species  are  presented  in  table  4.      The  pattern  of  the  combined  total  emer- 
gence from  all  species  is   similar  to  that  observed  in  1965;  however,    the  period 
of  peak  emergence  is  about  1   week  later.      Figure   3  compares  the  emergence 
patterns  graphically  and  indicates  emergence  from  mugo  and  lodgepole  pine 
occurring  before  Scotch  and  Japanese   red  pine.      It  also  indicates  the  bulk  of 
emergence  from  mugo  pine  may  be  2  to  4  days  later  than  from  the  other  hosts. 
The  variation  in  the  emergence  patterns   of  the   sexes  on  different  hosts  is  shown 
in  figure  4.      Mugo  and  Scotch  pine   show  protandrous  emergence.      On  Japanese 
red  pine  the  emergence  is  nearly  coincident.      Lodgepole  pine  shows  the  unusual 
pattern  of  females   3  to   5  days  ahead  of  the  males.      For  the  different  hosts,    male 
numbers  emerging  equaled  or  exceeded  female  numbers  in  most  cases.      On 
Japanese  red  pine,    the  proportion  of  males  to  females  was  nearly  2:1  ;  whereas 
on  mugo  pine,    males  exceeded  females  only  slightly. 


Year 

Host 

adu I ts 

1965 

Mugo  pine 

264 

1967 

Mugo  pine 

208 

1967 

Japanese   re 

d 

pine 

52 

Female 
sex  ratio 

0.  48 
.  45 
.  35 

The  adult  emergence   records  for  1967  include  adults  originating  from  both 
natural  and  artificially  induced  infestations  on  the  same   study  trees.      Whether 
the   study  methods  had  an  effect  on  the  sex  patterns  is  not  known.      It  should  also 
be  noted  that  the  number  of  adults  from  lodgepole  and  Scotch  pines  was  small, 
and  therefore  these  emergence  patterns  may  not  be  truly  representative. 

Analysis  of  these  variations   in  emergence  rhythms  is  beyond  the  scope  of 
this   study.      It  is  apparent,    however,    that  variables   such  as   sex  priority  in  rate 
of  emergence  and  sex  ratio  during  the  mating  period  would  influence  a  program 
of  sterile  male   release.      The  pertinent  factors  affecting  the  sterile  male  com- 
petitiveness would  be  loss  of  vigor  by  aging  and  the  availability  of  released  males 
in  efficient  and  adequate  numbers  to  insure  overflooding  the  normal  male 
populations . 

Laboratory  studies  by  Daterman  (1969)   showed  that  mating  efficiency 
decreased  for  both  sexes  after  they  were  4.  5  days  old,    also  that  females   older 
than  2.  5  days  at  the  time  of  mating  oviposited  significantly  fewer  eggs  than 
females  fertilized  at  a  younger  age.      If  males  are  vigorous  up  to  4.  5  days  and 
female  fecundity  does  not  decline  until  after  2.  5  days,    a  protandrous  emergence 
of  up  to  2  days  would  not  be  detrimental  to  the  population.      Protandry  of  more 
than  2  days  could  influence  natural  control  by  lowering  male  vigor  and  population 
fecundity.      Also,    if  females   emerge  more  than  2.  5  days  before  males,    as 
recorded  on  lodgepole  pine  in  1969,    the  effect  would  be  a  lowering  of  female 
vigor  at  mating  time. 

The  number  of  females  in  the   emerging  adult  population  is  probably  more 
important  than  the  number  of  males   since  the  insect  is  polygamous.      Pointing 
(1961)  found  that  under  insectary  conditions,    males  are  capable  of  mating  at 
least  four  times.      Campbell  (1961)  makes  an  interesting  observation  regarding 
polygyny  in   Choristoneura  spp.    that  may  apply  here  as  well- -that  the  more  virile 
males  in  a  population  may  mate  with  so  many  females  as  to  prevent  the  weaker 
males  from  contributing  to  the  gene  pool  of  the  next  generation.      Likewise,    the 
more  vigorous  sterile  males  may  eliminate  the  weaker  normal  males  from 
competition  for  the  females. 


Table  3. -Seasonal  emergence  of  the  European  pine  shoot  moth 
at  Seattle,    Washington,   June   IS  -  July   17,    1966— 


Date 


Number  of  adults 


Male 


Female 


Total 


Sex  ratio 


6/15 

(and 

2/ 
earlier)— 

52 

42 

94 

0.45 

6/17 

19 

19 

38 

.50 

6/19 

11 

8 

19 

.42 

6/21 

14 

11 

25 

.44 

6/23 

7 

16 

23 

.70 

6/25 

7 

9 

16 

.56 

6/27 

6 

6 

12 

.50 

6/29 

7 

4 

11 

.36 

7/1 

5 

4 

9 

.44 

7/3 

5 

0 

5 

-- 

7/5 

2 

4 

6 

.67 

7/7 

0 

1 

1 

-- 

7/9 

1 

0 

1 

-- 

7/11 

1 

0 

1 

-- 

7/13 

0 

0 

0 

-- 

7/15 

0 

0 

0 

-- 

7/17 

(and 
Total 

later) 

0 

3 

3 

-- 

137 

127 

264 

.48 

—  Based  on  the  total  emergence  from  12  mugo  pine. 

2/ 

—  Records  for  this  date  include  emergence  for  an  estimated  period  of 

10  days. 


Table  4. --Seasonal  emergence  of  the  European  pine  shoot  moth  from  four  host 
species  of  pine  at  Seattle,   Washington,    1967 


Pine 

Date 

Total 

Mugo 

Lodgepole 

Scotch 

Japanese  red 

6/12 

1 

0 

0 

0 

1 

6/14 

0 

0 

o 

0 

0 

6/16 

5 

4 

2 

2 

13 

6/18 

9 

4 

2 

1 

16 

6/20 

1 

0 

0 

2 

3 

6/22 

34 

3 

0 

11 

48 

6/24 

18 

7 

1 

9 

35 

6/26 

17 

3 

1 

2 

2  3 

6/28 

34 

7 

9 

16 

66 

6/30 

19 

9 

1 

2 

31 

7/2 

31 

0 

0 

1 

32 

7/4 

13 

0 

1 

2 

If- 

7/6 

6 

1 

1 

3 

11 

7/8 

5 

1 

1 

1 

8 

7/10 

8 

n 

n 

0 

8 

7/12 

5 

0 

n 

0 

6 

7/14 

1 

0 

0 

n 

1 

7/20 

1 

0 

0 

0 

1 

Total 

208 

39 

19 

52 

318 

CUMULATIVE   FREQUENCY    (Percent) 
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Figure  3. — Seasonal    emergence  patterns   of  the   adult   European   pine 
shoot  moth   from  four  host   species,    Seattle,    Washington,    1967. 
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Figure  4. — Seasonal   emergence  patterns  of  male  and  female  European  pine 
shoot   moths   from  four  host  species,    Seattle,    Washington ,    1967. 
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BEHAVIOR  AFTER  EMERGENCE 

The  activities   of  adults  before  mating  could  be  very  important  to  the 
success  of  control  techniques  using  sterile  insects.      Since  all  segments   of  a 
population  must  be  adequately  overflooded,    the   sterile  insects  must  be  distrib- 
uted so  as  to  achieve  effective  and  efficient  mating  competition  with  normal  insects. 

The  basic  behavior  characteristics  of  new  adults  is  known  from  studies  in 
Europe  and  eastern  North  America.     After  emerging  in  the  morning,    the  adults 
crawl  about  the  trees   shifting  their  positions  in  adjustment  to  daytime  air  tempera- 
tures.     About  sunset,    the  virgin  female  moths  move  to  the  tips  of  the  foliage 
where  they  remain  until  after  mating.      The  males  take  flight  in  search  of  receptive 
females.      Mating  usually  occurs  during  the  evening  of  the  day  on  which  the  females 
emerged,    or  the  following  evening   (Green  and  Pointing  1962).      Green  (1962),    in 
a  report  on  factors  affecting  flight    behavior,    recorded  that  if  the  insects  are 
disturbed,    at  least  some  of  them  will    fly  strongly  even  without  stimulating  condi- 
tions of   light  and  temperature. 

Since  the  life  cycle  and  habits  of  the  shoot  moth  had  not  been  studied  in  the 
West,  it  was  important  to  determine  if  the  behavior  of  virgin  adults  followed  the 
normal  patterns  recorded  elsewhere.  It  was  also  important  to  determine  if 
certain  unique  characteristics  of  the  western  Washington  infestation  might  affect 
normal  behavior.  These  characteristics  relate  to  the  urban  nature  of  the  infesta- 
tions where  mechanical  disturbances,  such  as  movements  of  people  and  vehicles, 
and  artificial  lighting  might  disrupt  normal  behavior  patterns. 


Methods 

The  crawling  and  flight  activities  of  virgin  adults  and  the  effect  of  outside 
disturbances  on  these  activities  were  investigated  concurrently  with  the  previously 
described  studies  on  emergence.      These  activities  were  readily  recorded  during 
the  1965  studies  where  the   shoots  and  adults  were  examined  at  1  5-minute  intervals. 
The  data  recorded  included  frequency  of  crawling  and  flying  at  the  eclosion  site 
and  the  pattern  of  dispersal  from  the  site. 


Results  and  Discussion 

Cr  cooling  Activity 

All  adults  crawled  at  least  once  and  some  as  often  as  eight  times.      The 
total  distance  moved  by  each  adult  ranged  from  0.  5  inch  to  9.  0  inches  and 
averaged  2.  6  inches.      Daily  weather  affected  the  frequency  and  distance  the 
adults  crawled.      The  following  tabulation  shows  that  in  1965  the  average  undis- 
turbed adult  crawled  more  frequently  and  a  greater  total  distance  during  cool 
weather  than  during  warm  weather.      The  temperatures   given  are  daily  maximums 


I   ". 


recorded  in  Local  Climatological  Data,    U.S.    Weather  Bureau,    Seattle-Tacoma 
Airport,    Washington. 


Dates  and 
temperatures 

Cool  weather: 

June  25  (66°) 
June  28  (76°) 

Warm  weather: 

June  29  (82°) 
June  30  (89°) 


Adults 
(Number) 

1  7 


L6 


Daily 
frequency 


3.4 


1.  3 


Daily 
distance 
(Inches) 

3.  3 


1.6 


The  daily  pattern  of  these  crawling  movements  on  a  warm  day  showed  a 
peak  in  the  early  morning,    very  little  movement  during  midday,    and  a  second 
peak  in  late  afternoon  before  the  evening  premating  flight.      The  pattern  on 
cooler  days  was   similar,    but  the  morning  peak  occurred  later.      The   recorded 
movements  during  one  daytime  period  of  completely  overcast  and  unseasonably 
cold  weather  were   sporadic  throughout  the  day  without  an  obvious  peak. 

Flight  Activity 

The  flight  of  80  virgin  adults  away  from  the   shoot  from  which  they  emerged 
is   summarized  in  table  5.      Three  main  categories  of  flight  behavior  were 
observed:     spontaneous  daytime  flight  before  the  evening  mating  flight  period, 
disturbance-caused  daytime  flight,     and  evening  flight  only.      The  behavior  of  the 
males    followed  a  consistent  pattern.      Nearly  all  left  their   shoots  during  the 
daytime.      This  agrees  with  unpublished  data  on  adult  dispersion  which  show  that 
virgin  males  normally  disperse  during  the  day  of  emergence.  —  '      They  appeared 
to  be  more  excitable  than  the  females,    and  they  were  more  often  disturbed  into 
leaving  their  shoots.      The  females   showed  three  different  behavior  patterns 
occurring  at  about  equal  frequency:     leaving  their  shoots   soon  after  emergence, 
leaving  their  shoots  throughout  the  daylight  hours,    and  remaining  on  their  shoots 
until  the  evening  flight  and  mating  period. 

Table  5. — Flight  of  virgin  adult  European  pine  shoot  moth  during  the  day  of  emergence 

at  Seattle,    Washington  1965 


Sex 


Number 

of 
adults 


Spontaneous  daytime  flight 


During  development 
period!/ 


After  fully 
developed 


Disturbed 
daytime  flight 


2/ 


Remained  until  evening 

flight  and  mating 

period 


Percent 


Male 
Female 


36 

44 


50 
27 


27 
38 


17 
5 


6 

30 


—  Departed  from  shoots  between  15-minute  examinations  during  adult  development;  therefore, 
some  may  have  dropped  as  teneral  adults. 

2/ 

-  Included  disturbed  immature  adults  which  dropped  from  shoots  and  disturbed  mature  adults 

which  took  flight. 


2/ 


paper. 


Data  from  adult  dispersion    studies  by  the    author  which  will  be  published  in  a    second 


None  of  the  adults  leaving  their  shoots  during  the  development  period  were 
seen;  only  empty  pupal  cases  were  found.      Their  behavior  is   largely  speculative, 
but  none  of  these  adults  are  believed  to  have  been  disturbed,    and  both  teneral  and 
fully  mature  adults  may  be   represented- -the  former  dropping  to  the  ground  and 
the  latter  flying  to  other  shoots   or  nearby  vegetation.      Over  25  percent  of  the 
mature  females   spontaneously  left  their   shoots  during  the  daytime.     Some  of 
these  adults  were  observed  to  fly;  probably  most  of  them  took  flight  rather  than 
dropping  to  the  ground.      The  third  behavior  pattern- -  remaining  until  evening  on 
the  shoot  from  which  they  emerged--was   recorded  for   30  percent  of  the  virgin 
females.      Of  these,    85  percent  were  observed  to  mate  that  same  evening.      Those 
that  remained  on  the  shoot  but  apparently  did  not  mate  that  evening  had  emerged 
earlier  that  same  evening.      However,    other  females  did  emerge  and  mate  during 
the   same  evening,    one  individual  as   soon  as  2  hours  after  emergence. 

Most  moths  in  copulation  at  darkness   remained  on  their  shoots.      Of  nine 
pairs  observed,    one  pair  left  their  shoot  and  three  additional  males  and  one 
female  left  their   shoots.      The  four  pairs  which  remained  until  dawn  separated 
during  the  night  but  crawled  very  short  distances. 


Disturbed  Adults 

Observations  during  daylight  hours   recorded  predators  and  observers  as 
the  only  disturbing  elements  to  cause  adults  to  move  away  from  their  shoots. 
However,    predators  were   rare  and  their  effect  was  minor. 

Adults  were  readily  disturbed  by  the  approaching  observer,    and  special 
care  was  necessary  to  observe  normal  behavior.      The  procedure  was  to  approach 
no  closer  than  1  2  to  18  inches  and  to  avoid  casting  a  shadow  over  the  moth. 
Even  when  these  precautions  were  taken,    16  percent  of  the  adults  leaving  their 
shoots  did  so  because  they  had  been  disturbed  by  the  observer.      It  may  be  specu- 
lated that  since  most  infestations   occur  in  urban  landscaped  plantings  at  resi- 
dences,   schoolyards,    parks,    playgrounds,    golf  courses,    churchyards,    etc., 
many  adult  moths  will  be  disturbed  by  human  activities.      At  least  some  of  these 
disturbances  can  be  assumed  to  result  in  an  abnormal  daytime  dispersal  of  the 
population. 

The  daily  time  of  observer- caused  disturbances,    recorded  in  table  6, 
shows  a  uniform  reaction  throughout  daylight  hours  but  an  increase  at  sunset. 
These  results  disagree  with  Pointing  (1961)  who  recorded  in  Ontario  that  moths 
were  less  readily  disturbed  in  the  evening.      Disturbances  at  this  time  could  be 
very  critical  because  that  is  when  the   sterilized  males  must  compete  with  normal 
males  in  finding  and  mating  with  the  females.      More  information  is  needed  to 
determine  if  adults  are  actually  more   sensitive  to  mechanical  disturbances  during 
the  crepuscular  mating  period,    to  determine  if  artificial  lighting  is  a  disturbing 
factor,    and  to  determine  the  effect  of  these  behavior  changes  on  the  sterile  male 
release  technique. 
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Table  6. --Daily  distribution  of  disturbances  causing  European  pine  shoot  moths 
to  leave  shoots  in  field  at  Seattle,    Washington,    1965 


Time 
(P.d.t.) 

Adults 
disturbed 

Time 
(P.d.t.) 

Adults 
disturbed 

Time 
(P.d.t.) 

Adults 
disturbed 

0700 
0800 
0900 
1000 
1100 
1200 

0 
2 
0 
0 

1 
1 

1300 
1400 
1500 
1600 
1700 
1800 

2 
2 

1 
1 
1 
0 

1900 
2000 
2100 
2200 

Total 

1 
1 
6 
3 

22 

CONCLUSIONS 

1.  The  general  character  of  the  adult  shoot  moth  emergence  and  premating 
behavior  in  western  Washington  is   similar  to  that  recorded  for  other  locations  in 
Europe  and  North  America. 

2.  During  the  emergence   stages  when  pupae  and  teneral  adults  are  in  an 
extremely  exposed  condition,    there  is  no  evidence  that  important  mortality  occurs 
due  to  predators  or  mechanical  disturbances. 

3.  Daily  and  seasonal  emergence   rhythms  may  be  altered  by  unseasonably 
cool  weather. 

4.  Intensity  of  infestation  and  the   species  of  the  infested  host  may  cause 
important  changes  in  the  emergence  patterns  of  the   sexes  and  in  the   sex  ratio. 

5.  Virgin  adults,    particularly  the  males,    are  more  active  during  the 
daytime  than  is  generally  recorded. 

6.  Disturbances   such  as  mechanical  movements  and  artificial  lights  may 
cause  some  abnormal  redistribution  of  adults. 
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The  mission  of  the  PACIFIC  NORTHWEST  FOREST 
AND  RANGE  EXPERIMENT  STATION  is  to  provide  the 
knowledge,  technology,  and  alternatives  for  present  and 
future  protection,  management,  and  use  of  forest,  range,  and 
related  environments. 

Within  this  overall  mission,  the  Station  conducts  and 
stimulates  research  to  facilitate  and  to  accelerate  progress 
toward  the  following  goals: 

1.  Providing  safe  and  efficient  technology  for  inventory, 
protection,  and  use  of  resources. 

2.  Development  and  evaluation  of  alternative  methods 
and  levels  of  resource  management. 

3.  Achievement  of  optimum  sustained  resource  produc- 
tivity consistent  with  maintaining  a  high  quality  forest 
environment. 

The  area  of  research  encompasses  Oregon,  Washington, 
Alaska,  and,  in  some  cases,  California,  Hawaii,  the  Western 
States,  and  the  Nation.  Results  of  the  research  will  be  made 
available  promptly.  Project  headquarters  are  at: 

Fairbanks.  Alaska  Portland,  Oregon 

Juneau,  Alaska  Olympia,  Washington 

Bend,  Oregon  Seattle,  Washington 

Corvallis,  Oregon  Wenatchee,  Washington 
La  Grande,  Oregon 

Mailing  address:     Pacific  Northwest  Forest  and  Range 
Experiment  Station 
P.O.  Box  3141 
Portland,  Oregon  97208 


The  FOREST  SERVICE  of  the  U.  S.  Department  of  Agriculture 
is  dedicated  to  the  principle  of  multiple  use  management  of  the 
Nation's  forest  resources  for  sustained  yields  of  wood,  water, 
forage,  wildlife,  and  recreation.  Through  forestry  research,  co- 
operation with  the  States  and  private  forest  owners,  and  man- 
agement of  the  National  Forests  and  National  Grasslands,  it 
strives  —  as  directed  by  Congress  —  to  provide  increasingly  greater 
service  to  a  growing  Nation. 
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ABSTRACT 

This  report  is  based  on  a  survey  of  pulpmills,  board  mills,    and 
felt  mills  in  Washington,  Oregon,  and  California  in  1970  and  1971.    Pulpmill 
capacity  is  expected  to  rise  10  percent  over  1970  capacity  by  1980;  particle 
board  capacity  will  rise  by  80  percent;  hardboard  up  32  percent;  and 
insulation  board  up  17  percent.    Capacity  expansion  is  limited  by  pollution 
control  requirements  and  final  product  market. 

Wood  use  in  these  mills  is  expected  to  increase  19  percent  to  17.  7 
million  ovendry  tons  per  year  by  1980.      Mills  expect  future  fiberwood  con- 
sumption to  follow  closely  the  current  pattern,  consuming  approximately 
3  million  tons  of  roundwood  logs  per  year  and  obtaining  the  remaining  14.7 
from  sawmill  and  plywood  residues.    To  do  this,  mills  will  use  an  increas- 
ing amount  of  bark,  sawdust,  and  dry  material  from  a  wider  range  of 
species.    There  are  no  plans  to  utilize  logging  residue  material  except  as 
this  material  is  converted  to  utility  grade  material  and  removed  at  time 
of  harvest. 

Under  assumptions  of  declining  timber  harvest  and  increasing  log 
exports,  the  amount  of  timber  available  for  lumber  and  plywood  production 
will  decline.    This  implies  that  the  amount  of  fiberwood  available  from  mill 
residues  will  also  decline.      Consequently,    in  order  to  insure  fiberwood 
needs,  pulp  and  board  plants  will  have  to  consider  alternative  sources  such 
as  thinnings  and  logging  residues.      These  plants  will  also  soon  be  more 
competitive  among  themselves  and  with  sawmills  and  plywood  mills  for 
existing  log  supplies. 


KEYWORDS:    Fiberwood,  wood  utilization. 
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BACKGROUND  AND 
OBJECTIVES 

Present  and  future  supplies  of  timber 
are  limited.      However,    there  are  large 
volumes  of  logging  and  milling  residues 
which  cannot  be  sold  at  current  prices. 
Lack  of  a  market  for  these  residues  is 
causing  problems  for  land  managers  and 
mill  operators  in  Washington,  Oregon,  and 
California.    Burning  has  been  the  traditional 
approach  to  disposing  of  these  materials; 
however,  this  method  is  meeting  increased 
opposition  from  those  concerned  with  envi- 
ronmental quality.     Increased  consumption 
of  residues  by  the  pulp  and  board  industries 
is  one  possible  means  to  reduce  residue 
volume. 

The  objective  of  this  study  is  to 
evaluate  the  potential  of  these  industries 
to  increase  residue  consumption  over  the 
decade  1970-80  and  to  note  likely  changes 
expected  in  source  and  form  of  material 
consumed. 

The  following  information  is  a  basis 
for  evaluating  residue  consumption  poten- 
tial.    Mill  capacity  and  limits  to  capacity 
expansion  are  discussed  first  because 
capacity  is  the  base  for  all  wood  use. 
Product  mix  and  its  relation  to  form  of 
material  used  is  then  examined  for  likely 
changes.      Next,    current  and  expected 
volumes  of  material  consumed  by  form, 
source,  and  species  are  examined  to  bring 
out  the  roles  expected  to  be  played  by 
roundwood,  logging,  and  milling  residues. 
Wastepaper  use  and  its  relation  to  sawdust 
use  is  defined,  followed  by  an  analysis  of 
dependency  on  purchased  chips  between 
pulpmills  and  board  mills.    Finally,  current 
raw  material  specifications  and  expected 
changes  in  these  specifications  are  dis- 
cussed to  give  some  insight  on  how  wood 
use  in  the  pulp  and  board  industry  will 
change  over  the  1970-80  period. 


STUDY  PROCEDURE 
AND  LIMITATIONS 

PROCEDURE 

Data  were  collected  by  questionnaire 
and  interview  with  every  wood-using  pulp-, 
board-,   and  felt-mill  operation  in  Wash- 
ington,  Oregon.and  California.     The  base 
year  for  data  collection  was  1970.      We 
collected  information  for  1980  by  asking 
each  respondent  what  he  expected  for  his 
firm.     We  used  this  approach,  knowing 
that  capacity  expansion  in  the  pulp  and 
board  industries  usually  requires  4  to  5 
years  of  planning  and  believing  that  industry 
representatives  have  a  good  feeling  for  the 
future  outlook  of  their  operations.     One 
drawback  of  this  approach  is  that  we  do 
not  know  how  well  each  firm  compensates 
for  the  expansion  of  competing  firms. 

In  order  to  avoid  data  disclosure  for 
individual  mills,  present  and  potential 
industry  capacity  and  fiberwood  use  were 
analyzed  in  terms  of  the  eight  geographic 
regions  shown  in  figure  1.     Data  on  the 
current  characteristics  of  the  industry 
are  meant  to  complement  other  mill 
surveys  (i ,   2,    3,   4,    7) . 

ECONOMIC  SETTING  AND 
LIMITATIONS 

Interviewees  may  have  been  influ- 
enced by  the  economic  setting  at  the  time 
of  the  interview.     Data  for  this  stud}'  were 
collected  from  the  summer  of  1971  to  the 
summer  of  1972.     The  paper  industry's 
performance,  as  measured  by  the  return 
on  invested  capital,  was  only  5  percent  in 
1970  and  decreased  to  about  3  percent  in 
1971.     This  low  return  on  investment  has 
been  attributed  to  higher  costs  for  pollu- 
tion control;  adverse  effects  of  dock  strikes 
on  export  business;  closure  of  obsolete 
facilities;  and  high  interest  charges  on 


Figure  1. — Pulp,   board,    and   felt   manufacturing   areas   and  mill 
locations,    Washington,   Oregon,    and   California,    1970 
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the  all-time  high  debts  paper  companies 
had  incurred  at  that  point  in  time.    All  of 
these  factors  combined  to  yield  a  pessimis- 
tic outlook  on  the  part  of  many  pulp  industry 
representatives.    This  may  account  for 
some  of  the  difference  foreseen  in  capacity 
expansion  between  the  pulp  and  board 
industries.    In  addition,  there  were  two 
pulp  companies  who  did  not  contribute  infor- 
mation on  1980  capacity.     Their  1970 
capacity  levels  were  assumed  constant  for 
the  purpose  of  this  study.    During  this 
same  period,  the  board  industry  was  fac- 
ing an  expanding  demand  and  most  board 
industry  representatives  were  looking 
forward  to  a  growing  market. 

This  study  did  not  cover  any  firms 
not  already  established  in  the  three-State 
area.     Conceivably,  new  firms  could  enter 
the  area  and  change  the  expected  wood 
fiber  use  pattern.     Expansion  plans  for 
existing  firms  could  also  change.    Fibre- 
board  Corp.  has  announced  plans  for  a 
medium  density  board  plant  at  Rocklin, 
California,  with  an  annual  capacity  of  60 
million  square  feet,  and  Weyerhaeuser  has 
signed  a  tentative  agreement  with  a  Japan- 
ese firm  to  furnish  newsprint.     This  later 
action  may  call  for  a  new  pulp  plant, 
possibly  in  the  Longview  area,   in  the  late 
seventies.    The  following  presentation 
does  not  consider  these  two  developments. 

PRESENT  AND  PROSPECTIVE 

PULP,  BOARD,  AND  FELT 

INDUSTRY  CAPACITY 

Capacity  is  the  base  for  present  and 
future  wood  consumption.     This  section 
discusses  present  and  potential  fiberwood 
using  capacity  and  the  limits  to  capacity 
expansion.     Combined  data  for  the  pulp, 
board,  and  felt  industries  are  presented 
first,  and  then  each  industry  is  discussed. 


WHAT  IS  THE  EXPECTED  1980 
MILL  CAPACITY  AND 
FIBERWOOD  CONSUMPTION  ? 

There  were  92  pulpmills,  board 
mills,   and  felt  mills  in  Washington,  Oregon, 
and  California  utilizing  fiberwood!/  in 
1970  (fig.   1,  table  1).    The  number  of 
fiberwood  using  mills  is  expected  to  de- 
cline to  86  by  1980;  however,  total  pulp 
and  board  capacity  in  the  three- State  area 
is  expected  to  increase  (table  2).    Total 
wood  consumed  in  1970  was  14,855,000 
ovendry  (O.  D. )  tons,  £/and  total  expected 
yearly  consumption  in  1980  is  expected 
to  increase  19  percent  to  17,658,000  O.  D. 
tons  (table  3). 

Pulpmills 

The  number  of  pulpmills  in  Washing- 
ton, Oregon,  and  California  is  expected 
to  decline  from  56  in  1970  to  49  in  1980 
(table  1).    The  number  of  sulfite  mills  will 
decline  by  six;  groundwood  mills  by  three; 
and  sulfate  by  one.     Part  of  this  overall 
decline  will  be  offset  by  an  anticipated 
increase  of  three  mills  in  the  "other"  pulp 
classification.    The  "other"  pulp  classi- 
fication contains  semichemical  and  waste- 
paper  pulping  mills. 

Number  of  mills  can  be  a  misleading 
factor  while  capacity  figures  give  a  better 
feeling  of  the  industry's  size.     Looking  at 
number  of  mills  and  capacity  figures  to- 
gether indicates  that  the  trend  toward 
larger  but  fewer  pulpmills  will  continue. 


—    Fiberwood  is  defined  as  roundwood  logs, 
chips,  sawdust,  shavings,  and  other  logging  and 
milling  residues  suitable  for  use  by  pulp,  board, 
and  felt  plants  as  a  raw  material. 

±/  An  ovendry  ton  is  2,  000  pounds  of  fiber- 
wood  that  has  been  dried  to  a  constant  weight  at  a 
temperature  of  105°  C. 
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In  1970,  pulpmills  in  the  three  States  had 
a  24-hour  capacity  of  19,438  O.  D.  tons 
(table  2).     By  1980,  this  is  expected  to 
increase  by  at  least  10  percent  to  21,  390 
O.  D.  tons.     This  is  an  annual  rate  of 
capacity  increase  of  just  under  1  percent, 
well  below  the  1.  5  to  2.  5  percent  projected 
for  the  pulp  and  paper  industry  across  the 
Nation.    Sulfate  and  "other"  pulp  capacity 
will  rise  while  sulfite  and  groundwood 
capacity  will  decline  as  shown  in  figure  2. 

Sulfate  production  is  expected  to 
expand  due  to  the  process's  economies 
of  operation  and  its  versatility  in  use  of 
species.     In  addition,  many  products 
formerly  feasible  only  through  sulfite 
pulping  can  now  be  produced  via  the  sul- 
fate process.     The  planned  decline  in 


sulfite  capacity  was  attributed  to  rising 
pollution  control  costs  and  lack  of  wood 
species  versatility.    The  more  obsolete 
and  smaller  sulfite  operations  are  find- 
ing it  uneconomical  to  bear  pollution 
control  costs.     In  addition,  necessary 
dependence  on  whitewoods,  cottonwood, 
and  other  minor  species  severely  crimps 
raw  material  procurement.    The  decline 
in  sulfite  capacity  is  expected  to  continue 
beyond  1980.    The  expected  64-percent 
increase  in  "other"  pulp  capacity,  although 
from  a  low  base,  reflects  the  growing 
part  semichemical  processes  and  waste- 
paper  pulping  are  playing  in  the  total  pulp 
picture. 

Pulp  capacity  is  expected  to 
increase  in  all  three  States,  with  Oregon 
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Figure    2. — Capacity   of  pulpmills   by    type 
of  pulp,    1970   and   1980. 


registering  both  the  largest  percentage 
increase,   14  percent,   and  the  largest 
absolute  increase  in  capacity,  983  O.  D. 
tons  per  24  hours.     The  center  of  the 
west  coast  pulp  industry  is  slowly  shift- 
ing from  Washington  to  Oregon,  following 
wood  supply;  however,  capacity  will  in- 
crease in  all  areas,  except  interior    Cali- 
fornia and  northwest  Washington.     The 
largest  increase  will  be  in  the  lower 
Columbia  area  where  capacity  will  rise 
by  1, 131  tons  per  day.    All  of  the  reported 
pulp  expansion  will  occur  at  existing  mill- 
sites.     There  is  the  possibility  of  a  new 
pulpmill  being  established  near  Longview 
in    the  late  1970's.     If  this  becomes 
reality,  pulp  capacity  in  the  lower  Colum- 
bia area  will  grow  even  more  than  pro- 
jected. 

Pulpmills  in  Washington,  Oregon, 
and  California  consumed  12,  831,  000  O.  D. 
tons  of  fiberwood  in  1970  and  estimate  an 
increase  of  7  percent  to  13,  736,  000  O.  D. 
tons  by  1980  (table  4).     Pulpmills  used  86 
percent  of  total  fiberwood  consumed  in 
1970,  and  planned  1980  consumption 
amounts  to  78  percent  of  the  1980  total. 
This  decline  is  due  to  the  expected  in- 
creased use  of  fiberwood  by  the  board 
mills. 

Board  Mills 

There  were  33  board  mills  in  Wash- 
ington, Oregon,  and  California  in  1970: 
10  hardboard  plants,  20  particle  board 
plants,   and  three  insulation  board  mills 
(table  1).     The  board  industry  is  heavily 
concentrated  in  Oregon,  with  48  percent 
of  all  the  board  mills  located  in  the  west 
central  and  southwest  Oregon  areas.     By 
1980,  a  small  particle  board  mill  in 
Washington  and  an  insulation  board  mill 
in  Oregon  will  close,  and  two  large,  new 
particle  board  mills  in  California  and  a 
new  hardboard  mill  in  Oregon  will  be 
operating.     Thus,  the  number  of  mills 


and  capacity  can  be  expected  to  grow. 
This  does  not  include  Fibreboard  Corp.  's 
possible  expansion  of  a  medium  density 
60  million  square  feet  annual  capacity 
board  mill  at  Rocklin,   California. 

Hardboard  capacity  will  grow  32 
percent  from  4.4  million  square  feet, 
1/8-inch  basis,  in  1970  to  5.  9  million 
square  feet  in  1980  (table  2).     Particle 
board  capacity  is  expected  to  increase 
from  3.3  million  square  feet,  3/4-inch 
basis,  in  1970  to  6.  0  million  square  feet 
in  1980,  a  rise  of  80  percent.     Insulation 
board  capacity  will  increase  17  percent 
to  1.4  million  square  feet,   1/8-inch  basis. 
The  largest  increases  are  in  the  Oregon 
hardboard  and  particle  board  capacities 
and  in  particle  board  capacity  in  Cali- 
fornia.    Board  mills  utilized  2.0  million 
O.  D.  tons  of  wood  in  1970  and  expect  to 
increase  consumption  96  percent  to  3.  9 
million  tons  by  1980  (table  5).     Board 
mills  accounted  for  13  percent  of  total 
1970  fiberwood  consumption  and  will 
account  for  22  percent  in  1980. 

Felt  Mills-7 

In  1970,  there  were  three  felt  mills, 
all  in  California,  which  reported  utilizing 
wood  (table  1).     These  three  mills  had  a 
total  capacity  of  460  O.  D.  tons  per  24 
hours  in  1970  and  expect  this  to  increase 
to  494  tons  by  1980  (table  2).     Fiberwood 
consumption  was  41,000  O.  D.  tons  in 
1970  and  is  expected  to  rise  to  45,000 
O.  D.  tons  by  1980.     Felt  mills  can  re- 
place wood  with  wastepaper  in  their 
operations  but  prefer  using  some  wood 
in  the  raw  material  mix,  because  wood 
gives  the  felt  a  desired  absorbent  quality. 


— '  Mills  producing  building  or  roofing  felts, 
either  saturated  or  unsaturated,  in  which  wood 
fiber  is  used. 
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WHAT  FACTORS  WILL  LIMIT 
CAPACITY  EXPANSION? 

Each  mill  was  asked  to  list  and  rank 
the  factors  that  would  limit  production  at 
the  present  site  during  the  next  10  years. 
Pulpmills  ranked  regulations  to  control  air 
and  water  pollution  as  the  major  limitation, 
and  board  mills  rated  these  regulations  as 
a  close  second  (table  6).    Cost  of  control- 
ling pollution  from  existing  plants  and 
concern  over  forthcoming  regulations  are 
slowing  investment  in  new  production 
capacity.    Washington  pulpmills  and  paper- 
mills  in  the  1971-73  period  had  70  percent 
of  their  planned  capital  spending  funds 
earmarked  for  air  and  water  protection 
facilities.    Oregon  mills,  newer  than  those 
in  Washington,  had  about  50  percent  of 


their  capital  investments  allocated  toward 
environmental  controls,    according  to  the 
Northwest  Pulp  and  Paper  Association. 
Pollution  abatement  problems  may  be 
worsened  by  product  and  type,  size,  age, 
and  location  of  plant.     Older  sulfite  pulp- 
mills, which  produce  fine  papers,  and 
small  mills  are  apparently  the  most  con- 
cerned about  these  regulations:    older 
sulfite  mills  because  of  the  high  amounts 
of  pollution  produced,  per  unit  of  produc- 
tion,  and  small  mills  because  of  the  high 
pollution  control  costs  per  unit  of  output. 
Cost  of  treating  water  wastes  varies  with 
the  volume  of  water  to  be  treated,  and 
there  are  economies  of  scale  in  waste 
treatment  that  provide  definite  cost 
advantages  to  large  dischargers  of 
water  waste. 


Table  6.— Rank  of  factors  limiting  expansion  of  pulp,  board,  and  felt  capacity 
for  period  1970-80,  Washington,  Oregon,  and  California1 


Pulpmill             Board  mill 

Felt  mill 

Limit  to  expansion 

Importance  of          Importance  of 
limitation            limitation 

Importance  of 
limitation 

1 

2 

3 

4 

5    1 

2 

3 

4 

5 

1 

2 

3 

4 

5 

Competition  for  wood 

6 

3 

Labor  availability 

— 

-- 

Domestic  final  product 

competition 

16 

6 

Competition  from  imports 

-- 

3 

Alternative  investment 

opportunities 

6 

17 

Pollution  control 

regulations 

25 

9 

Chip  exports 

-- 

4 

Other 

__ 

4 

Number  of  mills  -  - 
3         9         3         2 


1 


Each  mill  was  asked  to  rank  factors  limiting  expansion  from  1  to  5.  Not  all  mills  responded 
to  ranking  five  factors. 
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Water  treatment  costs  per  ton  of 
pulp  produced  in  Washington  and  Oregon 
varied  from  $1.  10  to  $11.  10,  and  waste 
treatment  added  nearly  $3  a  ton,    on  the 
average,  to  the  cost  of  producing  wood- 
pulp  in  1972  (5,  p.  57).     Products  pro- 
duced are   a  factor  because  different 
products  cause  different  degrees  of 
wastes.    Production  of  high  yield,  coarse, 
unbleached  paperboard  does  not  develop 
as  much  waste  per  unit  of  output  as  the 
better  grades  of  pulp  and  paper. 


to  pinpoint  specific  reasons  why  alterna- 
tives might  appear  better.    Alternative 
investment  opportunities  may  look  good 
because  of  the  following  adverse  factors 
in  the  pulp  industry:    high  cost  of  wood 
procurement,  pollution  abatement  prob- 
lems, costs  and  problems  of  maintaining 
a  labor  force,  or  any  other  combination 
of  factors. 

IS  PRODUCT  MIX  SHIFTING 
IN  THE  PULP  INDUSTRY? 


Final  product  competition  was  the 
second  most  important  limitation  to  expan- 
sion of  capacity  in  the  three  States.     Board 
mills  rated  this  as  the  most  important 
factor,   and  pulpmills  rated  it  second. 
Board  mills  are  worried  about  both  domes- 
tic and  foreign  board  competition  and  fore- 
see the  need  to  be  innovative  and  flexible 
in  their  product  development  to  remain 
competitive  in  the  market.     Sweden  and 
Japan  have  been  especially  competitive  in 
flat  board  products.— '     Pulpmills  were 
concerned  mainly  with  competition  from 
other  domestic  pulpmills. 

Concern  for  wood  supply  was  rated 
as  the  third  most  limiting  factor  by  board 
mills.    Board  mills  see  the  pulp  producers 
as  taking  more  and  more  of  the  available 
chip  and  sawdust  supply,  leaving  board 
mills  with  an  ever  poorer  grade  of  resi- 
dues for  their  raw  material.     Most  board 
mills,  however,  do  not  feel  there  is  any 
need  to  consider  logging  residues  as  a  raw 
material  source  for  their  products.    Supplies 
of  dry  planer  shavings,  plywood  trim,  and 
sawdust  seem  adequate  to  most  board 
manufacturers. 

Pulpmills  placed  alternative  invest- 
ment opportunities  as  the  third  most 
limiting  factor.     However,  it  is  difficult 


Total  production  of  pulp  in  1970  was 
6,  431,  000  O.  D.  tons.  Production  by  type 
of  pulp  is  shown  below  for  1970  and  1980: 


Percent  of 

total 

1  production 

Type  of  pulp 

1970 

1980 

Sulfate 

59 

63 

Sulfite 

24 

is 

Ground  wood 

11 

10 

Other 

6 

9 

Total 

100 

100 

£/ 

paneling. 


Products  such  as  underpayment  and 


Production  was  allocated  to  each 
pulp  type  on  the  basis  of  the  percentage 
distribution  of  total  capacity  among  pulp 
types. 

The  1970  production  was  broken  down 
among  eight  different  product  classes. 
Paperboard  accounted  for  most  of  the  pulp— 
2.  1  million  tons  or  33  percent  of  the  total 
in  1970.     Market  pulp  was  second  with  28 
percent  of  total  pulp  production. 

The  end  product  mix  for  the  wood- 
pulp  industry  in  1970  was  compared  with 
the  projected  1980  end  product  mix  because 
a  change  in  product  between  1970  and  1980 
might  be  expected  in  view  of  pollution  con- 
trol regulations,   and  this  could  mean  that 
fiberwood  inputs  would  be  affected.    Coarse, 
unbleached  products  such  as  packaging 
and  paperboard  contribute  lower  quantities 
of   waterborne  wastes  per  unit  of  output 
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than  do  products  such  as  printing  paper 
and  tissue.     However,  only  minor  shifts 
in  product  mix  are  expected,  and  these 
shifts  should  have  little  effect  on  fiber- 
wood  inputs.     The  relatively  constant 
product  mix  is  surprising  in  view  of  the 
shift  away  from  sulfite  pulping,  but  per- 
haps this  may  be  indicative  of  the  increased 
versatility  of  the  sulfate  process.     The 
1970  and  1980  product  mixes  are  shown 
below: 


Percent  of 

p 

roduct 

production 

Products 

1970 

1980 

Market  pulp 

28 

25 

Printing  paper 

5 

5 

Newsprint 

Ki 

Ki 

Packaging- 

15 

1  1 

Tissue 

s 

8 

Paperboard 

:;.; 

:](; 

Construction  paper 

and  board 

(5/) 

-- 

Other 

1 

2 

All  products 

100 

100 

By  1980,  the  only  major  change 
expected  in  product  mix  will  be  a  slight 
shift  from  market  pulp  to  paperboard  pro- 
duction.    This  will  be  a  result  of  the  de- 
sire by  firms  to  market  products  with 
the  highest  possible  value.     The  return 
on  investment  is  higher  for  paper  products 
than  for  market  pulp. 

PRESENT  AND  PROSPECTIVE 

CHARACTERISTICS  OF 

FIBER  CONSUMPTION 

The  previous  discussion  has  estab- 
lished the  capacity  for  future  fiberwood 
consumption.     This  section  presents  infor- 
mation on  the  characteristics  of  fiberwood 
which  the  pulpmills,  board  mills,   and  felt 
mills  in  the  survey  expect  to  consume  in 
1980. 


The  form  of  the  14,  855,  000  O.  D. 
tons  of  fiberwood  consumed  by  pulpmills 
and  board  mills  in  1970  and  the  form  of 
the  17,658,000  O.  D.  tons  projected  to 
be  consumed  in  1980  are  shown  below: 


Form  of  raw  material 

1970 

1980 

Roundwood: 

(Percent) 

No.  3  saw  logs 

5 

4 

Utility  grade  logs 
8-foot  bolts 

15 

1 

12 
1 

Other 

1 

1 

Total  roundwood 

22 

18 

Mill  residues: 

Chips 
Peeler  cores 

01 

1 

55 
(£/) 

Sawdust 

7 

9 

Shavings 
Bark 

8 

12 
1 

Plywood  trim 
Wood  flour 
Remanufacturing 

(6/) 
(£/) 

3 
(6/) 

wastes 

1 

2 

Total  residue 

78 

82 

Total  raw  material 


100 


100 


This  section  will  discuss  fiberwood 
obtained  first  from  roundwood  logs  and 
then  from  mill  residues. 

HOW  IS  THE  USE  OF  ROUNDWOOD 
FOR  FIBERWOOD  EXPECTED 
TO  CHANGE? 

Roundwood  logs  made  up  22  percent 
of  1970  fiberwood  consumption  and  are 
expected  to  decline  in  relative  importance 
to  18  percent  by  1980.     However,  the  total 
quantity  used  will  remain  almost  constant 
(table  3,  fig.   3).     Although  the  relative 
importance  of  Utility  grade  logs  is  ex- 
pected to  decline  by  1980,  only  the  volume 
of  No.  3  saw  logs  and  8-foot  pulpwood 


— '  Less  than  1  percent. 


£/  Less  than  1  percent. 
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1970  1980 

No.  3    Saw  logs  dUl  E3  Sawdust 

Utility  grade  logs  KV-:-;i  l;:::::;l  Shavings 

8-foot  bolts  and  other  ED  US!  Bark 

Chips  I       I  BH  Plywood  trim 

Peeler  cores  I      I  £iil  Remanufacturing  waste 

Figure  3. — Current  and  expected  fiberwood   use, 
Washington,   Oregon,    and  California,    1970 
and  1980. 
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bolts  shows  an  absolute  decrease.    It  is 
conceivable  that  most  firms  foresee  greater 
use  of  No.   3  saw  logs  and  8-foot  pulpwood 
bolts  for  lumber  by  1980.     This  may  be 
true  even  for  species  which  have  no  lumber 
market  today. 

Pulpmills 

Roundwood  fiberwood  made  up  25 
percent  of  the  12,831,000  O.  D.  tons  of 
fiberwood  consumed  in  1970  by  pulpmills, 
with  most  of  this  Utility  grade  logs  (table  4). 
In  1970,  758,000  O.  D.  tons  of  No.   3  saw 
logs  were  consumed  as  fiberwood  by  pulp- 
mills.    Most  of  this  material  was  cotton- 
wood,  alder,  or  other  species  without  a 
readily  available  lumber  market.    No.  3 
saw  logs  that  approach  being  50-percent 
merchantable  are  often  pulped,  because 
sawing  this  material  is  an  inefficient  use 
of  sawmill  facilities  and  these  logs  will 
often  yield  80  percent  or  more  in  chip 
content.     Most  roundwood  logs  used  for 
fiberwood  are  logs  used  by  pulpmills  in 
the  northwest  Washington  or  lower 
Columbia  areas. 

By  1980,  roundwood  log  usage  is 
expected  to  decline  to  23  percent  of  total 
pulpmill  fiberwood  consumption  but  re- 
main close  to  the  3.  2  million  O.  D.  tons 
of  roundwood  consumed  in  1970.     The  use 
of  Utility  logs  is  expected  to  remain  fairly 
stable,   and  the  volume  of  No.  3  saw  logs 
will  decline  slightly. 

In  general,  pulpmills  do  not  foresee 
any  change  in  the  total  quantity  of  round- 
wood  used  in  their  operations,  and  the  use 
of  chips  and  sawdust  will  be  increased  to 
supply  the  expected  increase  in  capacity. 
This  has  been  the  case  historically  also. 
Since  the  late  1940' s,  pulpmills  in  Wash- 
ington and  Oregon  have  been  consuming 
about  3  million  tons  of  logs  annually  for 
pulp.     During  the  same  period,  total 
pulpwood  consumed  in  the  two  States  has 


risen  from  a  little  over  3  million  tons 
annually  to  almost  12  million  tons.    How 
long  roundwood  log  use  will  remain  around 
3  million  tons  a  year  is  another  question. 

Although  the  quantity  of  Utility  grade 
logs  used  is  expected  to  remain  stable 
over  the  next  10  years,  many  firms  in 
Washington  are  looking  ahead  10-15  years. 
At  that  time,   all  private  old  growth  will 
have  been  removed  and  Utility  logs  will 
be  available  only  on  Forest  Service  lands. 
With  this  in  mind,  some  firms  are  not 
planning  on  updating  their  roundwood 
handling  equipment.    Instead,  they  are 
planning  to  make  existing  equipment  last 
until  such  time  as  it  is  necessary  to 
shift  to  mill  residues.     Data  from  indi- 
vidual State  studies  indicate  that  62  per- 
cent of  the  roundwood  used  by  pulpmills 
in  Washington  comes  from  the  firms'  own 
lands,  with  the  proportion  being  even 
greater  in  Oregon  (2,   3,    7) .  As  the  private 
supply  of  Utility  logs  declines,  there  will 
be  greater  competition  for  Federal  Utility 
logs.    This  implies  that  10-15  years  hence, 
fiberwood-using  firms  will  be  operating 
entirely  on  mill  and  logging  residues  or 
on  Utility  logs  from  Federal  lands. 

Board  Mills 

Roundwood  was  used  by  board  mills 
only  in  the  lower  Columbia  area  in  1970 
and  amounted  to  7,  000  O.  D.  tons.     By 
1980,  board  mills  expect  roundwood  usage 
to  increase  from  7,  000  to  43, 000  O.  D. 
tons,  an  increase  of  36,  000  tons.    All  this 
increase  will  be  based  on  Utility  grade 
logs.      However,    even  with  this  increase, 
roundwood  will  still  be  a  minor  portion 
of  total  fiberwood  use  by  board  mills. 
Most  board  mills  do  not  have  the 
capability  to  handle  roundwood  logs. 
This  may  also  have  implications  for 
using  logging  residues   in  roundwood 
form. 
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WHAT  ARE  THE  SOURCES 

OF  SUPPLY  FOR 

ROUND  WOOD  FIBER  WOOD? 

Of  the  3,  223,  000  O.  D.  tons  of 
roundwood  fiberwood  consumed  in  1970 
by  pulpmills,  board  mills,  and  felt  mills, 
91  percent  came  from  harvest  operations, 
5  percent  from  salvage,  and  2  percent 
each  from  logging  residues  and  from  thin- 
nings (table  7).     Mills  do  not  see  logging 
residues  as  adding  greatly  to  their  round- 
wood  supply  in  the  near  future.     In  1980, 
mills  expect  harvest  operations  to  supply 
81  percent  of  their  roundwood,   salvage 
15  percent,  logging  residues  3  percent, 
and  thinnings  1  percent.     Most  of  the 
current  and  expected  increase  in  use  of 
salvage  material  occurs  in  the  northwest 
Washington  area.    Although  1980  round- 
wood  use  is  expected  to  decrease  by 
43,000  O.  D.  tons  to  3,  180,000  tons, 
this  is  less  than  a  1-percent  decrease. 
The  source  of  roundwood  logs  for  1980 
compared  with  1970  is  shown  below. 


Source  of  roundwood 

Thinning  or  prelogging 
Relogging  or  logging 

residues 
Salvage 
Harvest 

Total 


1970       1980 

(Percent) 

2  1 


2 

5 

91 

100 


3 
15 

81 

100 


Harvest  operations  and  thinnings  or 
prelogging  operations  are  expected  not 
only  to  be  relatively  less  important  in 
1980,  but  also  to  furnish  less  volume  in 
1980  than  they  did  in  1970. 

WHAT  ARE  CURRENT  AND  EXPECTED 
MILL  RESIDUE  USES? 

Mill  residues  made  up  78  percent 
of  1970  fiberwood  consumption  and  will 
increase  to  82  percent  of  1980  fiberwood 


use.     The  volume  of  material  used  will 
increase  from  11.6  million  O.  D.  tons  in 
1970  to  14.  5  million  in  1980.    Although 
the  relative  importance  of  chips  is  ex- 
pected to  decline  by  1980,  only  peeler 
core  volume  will  show  an  absolute  de- 
crease.   Peeler  cores  are  increasingly 
being  sawn  for  lumber. 

Pulpmills 

Mill  residues  accounted  for  75  per- 
cent or  9.  6  million  O.  D.  tons  of  pulpmill 
fiberwood  consumed  in  1970,  with  chips 
making  up  66  percent  of  all  wood  used. 
Most  mill  residues  used  by  pulpmills 
were  either  chips  or  sawdust,  and  pulp- 
mills in  the  lower  Columbia  area  were 
the  major  consumers  of  this  material. 

Mill  residue  use  will  increase  from 
75  to  77  percent  of  total  pulpmill  fiberwood 
use  in  1980,  or  10.  6  million  O.  D.  tons. 
Sawdust  consumption  is  expected  to  in- 
crease 32  percent  from  759,000  O.  D.  tons 
in  1970  to  999,000  tons  in  1980,    Increased 
use  of  sawdust  is  somewhat  offset  by 
increased  use  of  wastepaper,  to  be  dis- 
cussed later.    Use  of  remanufacturing 
waste  is  expected  to  increase  threefold 
to  300,  000  O.  D.  tons   and  the  use  of 
peeler  cores  is  expected  to  drop  to  zero. 

Board  Mills 

Mill  residues  made  up  1,976,000 
O.  D.  tons  of  wood  used  in  1970,  shavings 
accounted  for  1,  118,000  tons,  chips 
568,000,  sawdust  241,000,   and  plywood 
trim,  peeler  cores,  rough  slabs   and 
edgings,  and  remanufacturing  wastes 
made  up  the  remainder. 

Mill  residue  consumption  is  expected 
to  increase  94  percent  by  1980  to  3,834,000 
O.  D.  tons.     Fiberwood  use  by  board  mills 
in  1980  is  expected  to  be  96  percent  above 
1970  wood  use,  and  this  implies  that  use 
of  all  forms  of  material  will  increase. 
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Table  7.— Current  and  prospective  source  of  roundwood  consumed  by 
pulpmills  and  board  mills,  by  area  and  State,  1970  and  1980 

(1 ,000  ovendry  tons) 


Year 

Source  of  roundwood 

Area  and  State 

Thinning 
or 

Relogging 
or  logging 

Salvage 

Harvest 

prelogging 

residues 

Northwest  Washington 

1970 
1980 

14 

12 

28 
30 

163 
461 

1,778 
1,249 

Lower  Columbia 

1970 
1980 

32 
31 

— 

2 
5 

905 
1,093 

West-central  Oregon 

1970 
1980 

-- 

3 

~ 

130 

65 

Southwest  Oregon 

1970 
1980 

6 

23 
19 

-- 

38 
57 

Coastal   California 

1970 
1980 

— 

30 

-- 

94 
100 

Eastern  Washington 

1970 
1980 

-- 

-- 

4 

— 

Eastern  Oregon 

1970 
1980 

-- 

— 

~ 

-- 

Interior  California 

1970 
1980 

1970 

19.HU 

-- 

6 

— 

20 

Washington 

31 
29 

23 
30 

169 
466 

2,401 
2,061 

Oregon 

1970 
1980 

21 
14 

23 

27 

— 

450 
403 

California 

1970 
1980 

1970 
1980 

-- 

6 

30 

— 

94 
120 

Total ,  west  coast 

52 
43 

57 

37 

169 
466 

2,945 
2,584 

The  percent  of  chips   and  shavings 
used  by  board  mills  is  expected  to  decline, 
and  use  of  bark  and  plywood  trim  is 
expected  to  increase.    Use  of  bark  was 
almost  zero  in  1970  and  is  expected  to  be 
207,000  0.  D.  tons  by  1980.    These  changes 
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reflect  the  increased  difficulty  board 
operators  see  in  obtaining  wood  raw  mate- 
rial.     They  feel  that  in  the  future  they 
will  have  to  use  lower  quality  inputs  if 
they  are  going  to  compete  with  pulpmills 
in  raw  material  markets. 


WHAT  ARE  THE  SOURCES 
FOR  MILL  RESIDUES? 

Of  the  11.  6  million  O.  D.  tons  of  mill 
residues  consumed  in  1970,  sawmills  sup- 
plied 73  percent,  veneer  and  plywood  mills 
22  percent,  roundwood  chipping  plants  3 
percent,  and  rem anufactu ring  wastes  2  per- 
cent (table  8).     By  1980,  mill  residues 
utilization  will  amount  to  14.  5  million  tons. 
Although  the  quantity  of  mill  residues  from 
each  source  will  increase,  sawmills  are 
expected  to  decrease  in  relative  importance, 
supplying  only  67  percent.     The  1970  and 
1980  sources  of  mill  residues  are  com- 
pared below: 

Source  of  residues 


Roundwood  chipping  plant 
Sawmill  residue 
Veneer  and  plywood 

residue 
Remanufacturing  waste 

Total 


1970 

1980 

(Pevo& 

nt) 

3 

5 

73 

67 

22 

24 

2 

4 

100 


100 


The  share  supplied  by  roundwood 
chipping  plants  may  reflect  material  from 
harvest  cuts,  thinnings,  or  logging  resi- 
dues.    To  the  extent  this  is  so,  figures 
on  the  use  of  these  roundwood  residues 
are  understated.     There  has  not  been 
complete  satisfaction  with  chips  obtained 
from  roundwood  chippers.     This  material 
has  contained  a  higher  portion  of  contami- 
nants than  most  mills  like.     Future  use  of 
material  from  this  source  will  depend 
partially  on  the  ability  of  roundwood  chip- 
ping plants  to  produce  a  more  homogeneous 
product. 

The  source  of  mill  residues  for  pulp- 
mills  closely  followed  the  above  pattern. 
Pulpmills  obtained  71  percent  of  their 
1970  mill  residue  supply  from  sawmills 
(table  9).     Veneer  and  plywood  operations 
supplied  25  percent,  roundwood  chipping 
plants  3  percent,  and  remanufacturing 


plants  1  percent.     Residue  use  by  1980 
is  expected  to  increase  10  percent  to 
10,599,000  O.  D.  tons,  and  sawmills  are 
expected  to  supply  68  percent  of  that 
amount. 

Board  mills  differed  in  their  source 
of  residues,  obtaining  1.7  million  O.  D. 
tons  or  84  percent  of  their  1970  residue 
use  from  sawmills.     Veneer  and  plywood 
residue  and  remanufacturing  waste 
supplied  most  of  the  balance  (table  10). 
The  source  of  residues  used  by  board 
mills  is  expected  to  change  by  1980,  with 
sawmill  residues  declining  in  importance 
and  veneer  and  plywood  and  remanufactur- 
ing residue  increasing  in  importance. 

All  sources  will  supply  a  larger 
volume  of  material  to  the  board  industry 
in  1980  than  they  did  in  1970.     This  is 
due  to  the  absolute  increase  in  wood  use 
expected  to  occur  in  the  industry.     There 
is  some  concern  within  the  board  industry 
that  the  use  of  abrasive  planers  will  be- 
come standard.     If  this  were  to  happen, 
shavings  would  disappear  as  a  source  of 
fiberwood,   and  board  mills  would  be 
forced  to  be  more  competitive  with  pulp- 
mills  for  chipped  material  or  perhaps 
turn  to  logging  residues  to  supply  their 
needs. 

DOES  ROUNDWOOD  FIBERWOOD 
DIFFER  IN  SPECIES  MAKEUP 
FROM  MILL  RESIDUE 
FIBER  WOOD? 

Pulpmills,  board  mills,   and  felt 
mills  reported  that  58  percent  of  their 
1970  mill  residue  fiberwood  consumption 
was  Douglas-fir,  and  whitewood  con- 
sumption was  24  percent  of  the  total 
(table  11).    Use  of  whitewood  residue 
was  concentrated  in  the  northwest  Wash- 
ington and  lower  Columbia  areas,  while 
Douglas-fir  residue  use  was  concentrated 
in  the  lower  Columbia  and  west-central 
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Table  8.— Current  and  prospective  source  of  mill  residues  used  by 
pulpmills,  board  mills,  and  felt  mills,  by  area  and  State, 

1970  and  1980 

(1  ,000  ovendry  tons) 


Area  and  State 


Year 


Source  of  residues 


Roundwood 

chipping 

plant 


Sawmill 
residue 


Veneer  and 
plywood 
residue 


Remanu- 

facturing 

waste 


Northwest  Washington 

1970 
1980 

216 

308 

1,557 
1,410 

282 
153 

— 

Lower  Columbia 

1970 
1980 

9 
9 

2,785 
3,221 

928 
1,008 

8 

West-central  Oregon 

1970 
1980 

11 
247 

1,428 
1,644 

855 
1,129 

2 
6 

Southwest  Oregon 

1970 
1980 

16 
57 

779 
1,129 

113 

519 

10 

11 

Coastal  California 

1970 
1980 

48 
69 

1,234 
1,280 

216 
281 

120 
362 

Eastern  Washington 

1970 
1980 

-- 

264 

246 

159 
247 

— 

Eastern  Oregon 

1970 
1980 

-- 

223 
309 

10 

72 

92 

199 

Interior  California 

1970 
1980 

-- 

226 
380 

28 
114 

21 

60 

Washington 

1970 
1980 

225 

317 

3,347 
3,643 

949 
835 

__ 

Oregon 

1970 
1980 

27 
304 

3,689 
4,316 

1,398 
2,293 

104 
224 

Cal  ifornia 

1970 
1980 

48 

69 

1,460 
1,660 

244 
395 

141 
422 

Total ,  west  coast 

1970 
1980 

300 

690 

8,496 
9,619 

2,591 
3,523 

245 
646 

20 


Table  9.— Current  and  prospective  source  of  mill  residues  consumed  by 
pulpmills  and  felt  mills,  by  area  and  State,  1970  and  1980 

(1 ,000  ovendry  tons) 


Area  and  State 


Source  of  residues 


Roundwood 

chipping 

plant 


Sawmil 1 
residue 


Veneer 

and 
plywood 
residue 


Remanu- 

facturing 

waste 


Pulpmills: 


Northwest  Washington 

1970 
1980 

216 

308 

1,535 
1,371 

260 

122 

-- 

Lower  Columbia 

1970 
1980 

9 

9 

2,698 
3,168 

923 
974 

-- 

West-central  Oregon 

1970 

1  980 

11 
223 

946 
1,073 

811 
879 

-- 

Southwest  Oregon 

1970 
1980 

16 

55 

334 
371 

29 
32 

-- 

Coastal  California 

1970 
1980 

48 
44 

906 
962 

216 
269 

118 
252 

Eastern  Washington 

1970 
1980 

-- 

264 
246 

15f< 
247 

-- 

Eastern  Oregon 

1970 
1980 

-- 

— 

-- 

-- 

Interior  California 

1970 
1980 

1970 
1980 

-- 

116 

95 

-- 

-- 

Washington 

225 
317 

3,312 

3,603 

927 
804 

-- 

Oregon 

1970 
1980 

27 

278 

2,465 
2,526 

1,255 
1,450 

-- 

California 

1970 
1980 

1970 
1980 

48 
44 

1,022 
1,057 

216 
269 

1  1 8 
252 

Total ,  west  coast 

300 
639 

6,799 
7,186 

2,398 
2,523 

1  1  8 

253' 

California  felt  mi  lis 

1970 
1980 

-- 

33 
35 

-- 

9 
11 

2  1 


Table  10.— Current  and  prospective  source  of  mill  residues  used  by 
board  mills,  by  area  and  State,  1970  and  1980 

(1 ,000  ovendry  tons) 




Year 

Source 

of  residues 

Area  and  State 

Roundwood 

chipping 

plant 

Sawtni  1 1 
residue 

Veneer  and 
plywood 
residue 

Remanu- 
facturing 
waste 

Northwest  Washington 

1970 
1980 

-- 

22 
39 

22 

31 

- 

Lower  Columbia 

1970 
1980 

— 

87 
53 

5 
34 

8 

West-central  Oregon 

1970 
1980 

24 

482 
571 

44 
250 

2 

6 

Southwest  Oregon 

1970 
1980 

2 

445 
858 

84 
487 

10 
11 

Coastal  California 

1970 
1980 

25 

303 
291 

12 

108 

Eastern  Washington 

1970 
1980 

-- 

— 

— 

— 

Eastern  Oregon 

1970 
1980 

-- 

223 
309 

10 

72 

92 
199 

Interior  California 

1970 
1980 

1970 
1980 

-- 

103 
277 

28 

114 

14 

51 

Washington 

__ 

35 

40 

22 
31 

— 

Oregon 

1970 
1980 

26 

1,224 

1,790 

143 

843 

104 
224 

California 

1970 
1980 

1970 
1980 

25 

406 
568 

28 
126 

14 
159 

Total ,  west  coast 

51 

1,665 
2,398 

193 
1,000 

118 
383 

22 


Table  1 1  .—Consumption  of  mill  residues  by  pulpmills,  board  mills,  and 
felt  mills,  by  species,  area,  and  State,  1970 

(1  ,000  ovendry  tons) 


Area  and  State 


Softwoods 


All 


Whi  tewoods 


Douglas-fir 


Pine 


Redwood 


Cedar 


Other  or 
unknown 


Hardwoods 


Northwest  Washington 

2,052 

1,087 

790 

21 

-- 

3  7 

11/ 

3 

Lower  Columbia 

3,666 

1,071 

2,221 

106 

-- 

56 

12 

',,, 

West-central   Oregon 

2,296 

134 

2,149 

12 

-- 

1 

-- 

-- 

Southwest  Oregon 

90 1 

2  no 

528 

173 

-- 

-- 

— 

1  / 

Coastal   California 

1,614 

108 

81  1 

108 

466 

1 

1  1 8 

4 

Eastern  Washington 

423 

57 

154 

19  ■; 

-- 

- 

19 

-- 

Eastern  Oregon 

325 

98 

44 

183 

-- 

-- 

-- 

-- 

Interior  California 

275 

68 

48 

128 

- 

17 

14 

- 

Washington 

4,462 

1,532 

2,358 

34  3 

-- 

9  3 

1  56 

59 

Oregon 

5,201 

1  ,115 

3,528 

545 

- 

1 

12 

17 

California 

1,889 

176 

S61 

236 

466 

IS 

132 

4 

Total ,  west  coast 

11,552 

2,823 

6,747 

1,124 

466 

112 

280 

8il 

Oregon  areas.     Individual  State  studies 
reported  that  1968  roundwood  consumption 
by  the  pulpmills  and  board  mills  was  83 
percent  whitewoods,  4  percent  Douglas-fir, 
and  12  percent  hardwoods  (2,   3,    7) .  The 
percent  by  species  for  mill  and  roundwood 
fiberwood  is  shown  below: 


Species 

Mill 

residue 

Rou 

idwood 

(Percent) 

Whitewoods 

21 

S3 

Douglas-fir 

58 

4 

Pine 
Redwood 

10 

1 

— 

Cedar 

1 

1 

Other  softwood 

or  unknown 

2 

— 

Hardwoods 

1 

12 

Total 


100 


10(1 


The  difference  in  species  content 
between  mill  residues  and  roundwood  stems 


from  the  need  for  long  fibered  whitewoods, 
mainly  in  sulfite  operations,    and  the 
economic  incentive  to  use  low  value  hard- 
woods.    Because  not  enough  of  the  white- 
wood  mill  residues  are  available  to  meet 
their  needs,  sulfite  pulpmills  obtain  some 
of  it  in  log  form.     The  large  volumes  of 
hardwood  logs  available  without  a  lumber 
market  make  this  an  economical  source 
of  fiberwood  for  those  firms  that  have 
roundwood  processing  capabilities  and 
produce  products   allowing  use  of  the 
short-fibered  hardwood. 

With  the  expected  decline  in  sulfite 
pulping  and  an  almost  constant  planned 
use  of  roundwood  fiberwood  between  1970 
and  1980,  it  seems  likely  that  future 
roundwood  supplies  will  be  distributed 
more  evenly  among  species.      Use  of 
Douglas-fir  Utility  logs  will  probably 
increase,  and  use  of  whitewood  logs 
will  decline. 
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Douglas-fir  residues  made  up  59 
percent  or  5,672,000  O.  D.  tons  of  the  mill 
residues  consumed  by  pulpmills  in  1970 
(table  12).    White  woods  were  second  with 
25  percent.    Board  mills  reported  that  54 
percent  of  the  residues  they  consumed  in 
1970  were  Douglas-fir  (table  13).      The 
breakdown  of  residue  usage  by  species  was 
as  follows: 


Species 

Pulpmill 

s 

Board  mitts 

(Pe 

voent) 

Douglas-fir 

59 

54 

Whitewoods 

25 

1!) 

Pine 

8 

2n 

Redwood 

:- 

6 

Cedar 

1 

1 

Other  softwoods 

or  unknown 

3 

— 

Hardwoods 

1 

— 

Total 


100 


100 


The  decline  in  sulfite  pulping  and  the 
increase  in  board  production  should  have 
negligible  effect  on  the  species  used  for 
fiberwood  in  the  future,  but  this  decline 
may  modify  somewhat  where  various 
species  are  used.    Whitewood  species 
will  now  be  utilized  closer  to  where  grown 
than  previously.    Another  aspect  of  this 
is  that  the  price  differential  paid  for 
whitewood  chips  can  be  expected  to  decline. 
This  is  a  natural  result  of  a  slackening 
in  the  demand  for  whitewoods. 

IS  THERE  A  CONNECTION 
BETWEEN  WASTEPAPER 
AND  WOOD  FIBER  USE? 

Wastepaper  usage  is  an  interesting 
area  of  concern.    Wastepaper  and  sawdust 
serve  the  same  role  in  pulp  production, 
i.  e.  ,  act  as  a  filler.     To  the  extent  mills 
expand  the  use  of  wastepaper,  they  will 
not  use  sawdust.     Some  mills  report  the 
need  to  use  wastepaper  stems  from  govern- 
ment contracts  which  require  a  certain 


amount  of  recycled  paper  for  some  products. 
Evidently,  either  sawdust  or  wastepaper 
use  in  a  given  mill  can  be  expanded,  but 
not  both. 

Wastepaper  use  by  pulpmills  which 
also  used  wood  fiber  was  reported  at 
91,000  O.  D.  tons  in  1970  and  felt  mills 
used  103,000  tons  (table  4).    This  is 
expected  to  increase  to  146,000  tons  for 
pulpmills  by  1980,  a  60-percent  increase, 
and  decline  to  100,000  tons  for  felt  mills. 
However,  these  figures  do  not  indicate 
total  wastepaper  consumption  in  the  three- 
State  area,  because  there  are  some  mills 
operating  on  wastepaper  and  market  pulp 
that  did  not  utilize  wood  fiber  and  there- 
fore were  not  included  in  this  study. 
Board  mills  did  not  use  any  wastepaper. 

HOW  DEPENDENT  WERE 
PULPMILLS  AND  BOARD 
MILLS  ON  OPEN  MARKET 
SOURCES  FOR  MILL  RESIDUE? 

Pulpmills  in  Washington,  Oregon,  and 
California  reported  purchasing  from  out- 
side their  firms  6.  3  million  O.  D.  tons  of 
mill  residue — 65  percent  of  their  mill  resi- 
due consumption  in  1970  (table  14).     Cali- 
fornia pulpmills  purchased  74  percent  of 
their  residues,  Washington  firms  68  percent, 
and  Oregon  firms  59  percent.     By  area,  coastal 
California  was  most  dependent  on  purchased 
mill  residues,   and  mills  in  southwest  Oregon 
obtained  all  but  27  percent  of  their  mill  resi- 
due input  from  within  their  own  firms.     The 
percent  purchased  on  the  market  by  area 
is  shown  in  figure  4. 

Board  mills  were  more  dependent  on 
purchased  raw  material  than  were  pulpmills, 
purchasing  69  percent  of  their  wood  input 
on  the  open  market  (table  14).     The  opera- 
tions in  northwest  Washington  obtained  all 
their  material  from  within  their  own  cor- 
porations,  and  mills  on  the  Columbia  River 
were  most  dependent  on  purchased  material. 
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Table  12.— Consumption  of  mill  residues  by  pulpmills  and  felt  mills  by  species,  area,  and  State,  1970 

(1  ,000  ovendry  tons) 


Area  and  State 


Softwoods 


All 


Whitewoods       Douglas-fir 


Pine 


Redwood 


Cedar 


Other  or 
unknown 


Hardwoods 


Pulpmills: 

Northwest  Washington 
Lower  Columbia 
West-central   Oregon 
Southwest  Oregon 
Coastal   California 
Eastern  Washington 
Eastern  Oregon 
Interior  California 


2,008 

1,076 

757 

21 

3,574 

1,064 

2,136 

)06 

1,768 

59 

1,698 

11 

362 

55 

243 

64 

1,284 

99 

655 

92 

423 

57 

154 

19  3 

320 


37 

11/ 

3 

56 

12 

56 

-- 

— 

17 

-- 

118 

4 

-- 

n 

-- 

116 


28 


29 


44 


15 


Washington 

4,404 

1,518 

2,314 

34  3 

_- 

93 

136 

59 

Oregon 

3,731 

793 

2,674 

252 

-- 

-- 

12 

17 

California 

1,400 

127 

684 

136 

320 

15 

1 1 8 

4 

Total ,  west  coast 

9,535 

2,438 

5,672 

731 

320 

108 

266 

80 

California  felt  mi  lis 

41 

-- 

2 

-- 

24 

1 

14 

- 

Table  1 3.— Consumption  of  mill  residues  by  board  mills,  by  species,  area,  and  State,  1970 

(1  ,000  ovendry  tons) 


Area  and  State 


Softwoods 


All 


Whitewoods 


Douglas-fir 


Pine 


Redwood 


Cedar 


Other  or 
unknown 


Hardwoods 


Northwest  Washington 

44 

11 

33 

-- 

Lower  Columbia 

92 

7 

85 

-- 

West-central  Oregon 

528 

75 

451 

l 

Southwest  Oregon 

5  39 

145 

285 

109 

Coastal  California 

303 

9 

156 

16 

Eastern  Washington 

— 

-- 

— 

-- 

Eastern  Oregon 

325 

9ft 

44 

1  8  i 

Interior  California 

145 

40 

19 

84 

Washington 

58 

14 

44 

— 

Oregon 

1,470 

322 

854 

293 

Cali  fornia 

448 

49 

:^5 

1  00 

Total ,  west  coast 


,976 


385 


122 


122 


1  ,073 


393 


122 


13  2, 


PERCENT 
10     20     30     40     50     60     70     80     90    100 


Northwest 
Washington 


West-centra 
Oregon 

Southwest 
Oregon 


Eastern 
Washington 

Eastern 
Oregon 

Interior 
California 


I 


Washington 

Oregon 

California 


Average- 
West  Coast 


Pulpmills 


Board  mills 


Figure   4. — Percent  of  mill   residues  purchased 
outside  of  firm  by   area   and  State,    1970. 

Table  14.  — Volume  of  mill  residues  obtained  outside  of  firm,  by 
type  of  mill,  area,  and  State,  1970 

(1 ,000  ovendry     tons) 


Area  and  State 

Type  o 

f  mill 

Total 

Pulp 

Board 

Felt 

Northwest  Washington 

1,247 

1  ,247 

.. 

-. 

Lower  Columbia 

2,676 

2,595 

HI 

-- 

West-central   Oregon 

1,455 

1,089 

366 

— 

Southwest  Oregon 

523 

102 

421 

— 

Coastal   California 

1,231 

964 

,'4(i 

21 

Eastern  Washington 

231 

231 

-- 

— 

Eastern  Oregon 

211 

— 

211 

-- 

Interior  California 

131 

69 

48 

14 

Washington 

3,070 

3,057 

13 

.- 

Oregon 

3,273 

2,207 

1 

,066 

-- 

Cal  ifornia 

1,362 

1,033 

288 

41 

Total ,  west  coast 

7,705 

6,297 

1 

,367 

41 

2<; 


The  dependency  of  board  mills  on 
purchased  fiberwood  again  highlights  the 
fact  that  board  mills  will  have  to  compete 
more  and  more  with  pulpmills  for  their 
raw  material  needs.     The  fact  that  most 
board  mills  are  located  in  areas  with  high 
volumes  of  old-growth  timber  may  mean 
that  as  competition  for  mill  residues  grows, 
more  use  will  be  made  of  the  large  vol- 
umes of  logging  residues  available.    Board 
mills  have  given  some  thought  about  going 
to  logging  residues  for  a  source  of  fiber- 
wood.     Currently,  however,  there  does 
not  seem  to  exist  the  necessary  logging 
and  processing  equipment  to  economically 
and  efficiently  handle  this  kind  of  material. 

WHAT  ARE  CURRENT  PULPMILL 
ROUNDWOOD  SPECIFICATIONS 
AND  WHAT  CHANGES  CAN 
BE  EXPECTED? 

Roundwood  log  specifications  cur- 
rently used  by  pulpmills  vary  by  type  of 
pulp  produced  and  log  handling  equipment 
available  to  the  firm.     Most  firms  reported 
the  minimum  diameter  acceptable  as  6 
inches;  however,  a  few  firms  will  take 
down  to  4- inch  logs.    Average  maximum 
log  diameter  allowed  is  in  the  40-  to 
48-inch  area  for  most  firms,  with  the 
range  in  maximum  diameter  limits  from 
30  inches  to  no  limit  at  all.     Minimum  log 
length  ranged  from  8  to  16  feet,  with  most 
firms  accepting  down  to  12  feet.     Maxi- 
mum length  is  usually  given  as  40  feet. 
Minimum  sound  chippable  material  re- 
quired in  the  log  ranged  from  50  to  95 
percent,  with  most  mills  accepting  logs 
containing  50-percent  chippable  material. 
Other  standard  requirements  are  that  no 
char  will  be  allowed  that  cannot  be  re- 
moved by  debarker,  there  can  be  no  ex- 
cessive crook,  knots,  or  other  abnor- 
malities, and  logs  must  be  delimbed. 
Species  use  depended  on  the  individual 
mill,  and  everything  from  black  cotton- 
wood  to  incense-cedar  was  used.    Although 


some  mills  felt  current  specifications 
were  so  lenient  that  future  roundwood 
specifications  would  not  change,  many 
mills  did  feel  that  future  specifications 
would  allow  a  larger  number  of  species 
and  perhaps  smaller  diameter  logs.    An 
increased  usage  of  alder  and  pine  was 
specifically  mentioned  as  to  be  expected. 

HOW  DO  PULPMILL 
SPECIFICATIONS  FOR 
MILL  RESIDUES  VARY? 

Pulpmill  chip  specifications  usually 
require  the  chip  to  pass  through,  or  be 
retained  on,  various  sizes  of  screens.    In 
addition,  there  are  usually  char,  bark, 
rot,   stain,  moisture,  and  species  limita- 
tions.    Chips  are  usually  required  to  be 
cut  with  the  grain  and  with  the  chip  ends 
being  cut  clean  showing  little  or  no  break- 
age.    Mills  reported  an  average  chip  size 
of  3/4   inch  with  91  percent  of  the  chips 
being  retained  on  screens  between  the 
sizes  1  inch  and  3/16  inch.     These  figures 
differ  slightly  from  an  American  Pulpwood 
Association  study  that  indicated  the  aver- 
age chip  is  retained  on  a  3/8 -inch  screen 
and  approximately  91  percent  of  the  chips 
are  retained  on  screens  from  7/8  inch  to 
3/16  inch  in  size  (table  15).     Maximum 
bark  content  allowance  was  0.  38  compared 
with  0.  54  percent  found  in  our  study.    Most 
of  the  mills  contacted  required  that  the 
chips  be  substantially  free  of  rot  without 
specifying  a  percent  allowance.     Most 
mills  would  accept  a  small  but  unspecified 
amount  of  stain  and  white  speck.     Other 
specifications  required  the  chips  to  be 
free  of  char  or  burned  materials  and  free 
of  foreign  material  such  as  needles  and 
dirt.     Most  of  the  mills  would  not  accept 
chips  from  kiln-dried  wood,   and  several 
required  a  moisture  content  of  between 
40  and  80  percent.     Dry  chips  absorb  too 
much  chemical  in  processing,  and  reestab- 
lishing the  moisture  content  in  kiln-dried 
wood  results  in  a  high  falldown  in  yield. 
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Table  15.— Pulpmill  chip  specifications;  percent  of  chips  retained  on  various  screen  sizes 
and  percent  of  allowable  bark  and  rot  in  chips  by  mill1 


Screen  size 
(inches) 


Pulpmi 1 1 


#1 


#2 


§3 


#4 


#5 


#6 


-1 


#9 


#10 


#11 


#12 


#13 


#14 


1-1/2 

1 

i 

1-3/8 

1-1/4 

1-1/8 

4 

-- 

4 

- 

4 

10 

-- 

4 

5 

4 

-- 

4 

4 

5 

1 

-- 

5 

3 

-- 

-- 

-- 

5 

-- 

-- 

-- 

7/8 

18 

-- 

18 

— 

18 

-- 

-- 

18 

— 

18 

10 

— 

18 

— 

1/4 

5/8 

40 

— 

— 

-- 

1/2 

-- 

70 

83 

-- 

-- 

3/8 

55 

-- 

55 

- 

55 

-- 

-- 

55 

-- 

55 

30 

-- 

55 

-- 

1/4 

-- 

20 

-- 

5 

5 

-- 

-- 

3/16   (Pin) 

18 

5 

18 

-- 

18 

3 

3 

13 

in 

18 

10 

6.5 

18 

90 

Pan   (Fines) 

4 

- 

4 

-- 

4 

-- 

-- 

4 

5 

4 

5 

.5 

4 

5 

Maximum  bark 
allowance 

5 

.5 

.5 

.5 

.3 

.5 

.5 

15 

2 

15 

5 

.2 

.5 

.3 

Maximum  rot 
allowance 

15 

-- 

1.0 

1.0 

5.0 

1.0 

-- 

1 

0 

1 

0 

5. 

0 

5 

.1 

- 

- 

-'  Source:  American  Pulpwood  Association. 


A  few  mills,  however,  would  take  wood 
of  any  moisture  content. 

Most  of  the  pulpmills  have  a  pre- 
ferred species  mix,  usually  based  on  what 
they  feel  is  needed  for  their  type  of  end 
product.     Usually  these  specifications  call 
for  a  mix  of  whitewood  and  Douglas-fir 
with  an  allowance  for  minor  species.    There 
is  little  expectation  of  change  for  chip 
specifications  within  the  industry.    How- 
ever, six  pulpmills  did  indicate  that  chip 
specifications  would  probably  be  modified 
in  the  near  future  to  allow  the  use  of  more 
dry  material,  sawdust,   and  shavings.    These 
firms  feel  that,  even  though  dry  material, 
sawdust,  and  shavings  yield  a  lower  quality 
pulp,  the  cost  of  this  material  makes  it 
attractive  and  technology  will  be  able  to 
offset  some  of  the  quality  decline. 


Pulpmill  sawdust  specifications  call 
for  material  substantially  free  from  bark, 
rot,  slivers,  or  oversized  pieces.    Usually 
mills  want  green  wood  that  has  not  been 
kiln  or  air  dried  and  wood  that  is  free  of 
char  or  burn.    Species  requirements  are 
generally  not  as  strict  as  those  for  chips; 
however,  certain  species  such  as  cedar 
may  still  be  limited. 

WHAT  ARE  CURRENT  AND 
EXPECTED  BOARD  MILL 
FEBERWOOD  SPECIFICATIONS? 

BoTr1  mill  chip  specifications  tend 
to  be  more  variable  than  pulpmill  specifi- 
cations.    Size  limits  are  wider,  with  no 
one  size  apparently  dominating.     Rot  con- 
tent is  usually  limited  between  5  and  10 
percent  maximum,   and  bark  content  can 


^s 


vary  from  none  to   10  percent,   but  most 
board  mills  want  chips  substantially 
free  of  bark.      Stain  appears  to  be  more 
of  a  problem  to  board  mills     than  it 
is  to  pulpmills,    because  many  board 
mills  specified  that  the  chips  must  be 
free  of  stain.      Species  requirements 
depend  on  the  desired  product  density 
and  strength.        As  an  example,  hem- 
lock will  be  used  where  low  density  and 
high  strength  are  needed.     Most  firms 
relied  mainly  on  Douglas-fir  chips  and 
did  not  want  to  mix  species  of  wood  used, 
regardless  of  the  form  of  wood.     When 
species  are  mixed,  odor  and  pH  factors 
need  to  be  considered. 

Sawdust,  as  defined  by  many  board 
mills,  is  that  material  passing  through  a 
3/16-inch  screen  but  retained  on  a  l/8-inch 
screen.     Sawdust  specifications  by  board 
mills  usually  call  for  a  maximum  of  0  to 
10  percent  of  rot  and  bark.    Moisture 
content  is  usually  limited  to  a  maximum 
of  50  to  60  percent,  because  at  a  higher 
moisture  content,  it  is  too  costly  to  dry 
the  sawdust.    In  general,  no  char  or 
sanderdust  is  allowed,   and  Douglas-fir 
or  hemlock  sawdust  is  preferred. 

Board  mills  prefer  shavings  to 
sawdust  because  shavings  are  generally 
cleaner  and  fibers  are  longer.    However, 
no  oversized  shavings  are  allowed. 
Most   mills   want   clean   and   green 
shavings  with  a  moisture  content  that  is 
not  too  high.    Green  shavings  are  usually 
preferred  because  they  yield  a  stronger 
fiber.      Some  board  mills,  however, 
prefer  dry  shavings  with  a  maximum  of 
18-percent  moisture  content.      The 
specification  of  wet  or  dry  material 
usually  depends  on  the  type  of  board 
produced;  particle  board  mills,  looking 
for  more  fiber  strength  than  either 
hardboard  or  insulation  board  mills, 
prefer  green  material.        Douglas-fir 
shavings  are  the  most  in  demand. 


Although  most  board  mills  feel  their 
current  specifications  are  already  very 
lenient,  there  is  a  consensus  that  future 
specifications  will  allow  more  bark.     Bark 
content  may  reach  10  to  15  percent  in 
some  board  processes.    Bark  and  rot  act 
as  sponges,  soaking  up  too  much  resin  in 
some  board  processes.     However,  tech- 
nological advances  are  expected  to  solve 
this  problem.     Board  mills  also  see  in- 
creased use  of  plywood  trim  as  a  source 
of  raw  material.     Today's  plywood  trim 
waste  is  full  of  contaminants,  but  as  speci- 
fications are  developed  for  this  material, 
use  of  plywood  trim  will  become  more 
feasible.     Specifications  will  also  change 
to  allow  the  increased  use  of  fine  material. 

CONCLUSION  -  POTENTIAL 

FOR  INCREASED  USE 

OF  FIBERWOOD  OVER 

PERIOD  1970-80 

This  study  shows  that,  based  on 
current  capacity  expectations,   annual 
fiberwood  use  will  increase  by  2.  8  million 
O.  D.  tons  by  1980.    Pulpmills  and  board 
mills  view  pollution  control  regulations 
and  final  product  competition  as  the  major 
constraints  on  capacity  expansion.     If  we 
assume  availability  of  the  necessary  wood 
fiber,  actual  1980  fiberwood  consumption 
could  be  increased  above  the  projected 
level  by  the  development  of  economical 
pollution  control  technology  and  by  a  rising 
product  demand;  the  first  is  a  distinct 
possibility,  and  the  latter  is  already  a 
reality.     Whereas  the  board  industry  pro- 
jected substantial  growth  over  the  next 
decade,  pollution  control  costs  and  a 
slackened  demand  for  paper  products  in 
1970  gave  the  pulp  industry  a  conservative 
growth  outlook.     Rising  final  product 
demand  with  fixed  capacity  should  cause 
prices  to  rise.    Rising  prices  will  mean 
higher  rates  of  return,  and  at  some  higher 
rate,  firms  will  invest  in  increased  capacity, 
thus  causing  fiberwood  use  to  increase. 
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From  the  expected   fiberwood 
consumption  pattern,    it  is  obvious 
that  mills  expect  to  continue  into  the 
future  as  they  have  in  the  past, 
consuming  approximately  3  million 
tons  of  roundwood  logs  per  year  and 
obtaining  the  remainder  from  sawmill 
and  plywood  residues.      Board  mills 
foresee  an  increased  use  of  bark, 
sawdust,    and  dry  materials,    as  do 
pulpmills.      Pulpmills  also  see  being 
able  to  use  a  wider  range  of  species. 
However,   no  increase  in  the  use  of 
roundwood  logs  or  logging  residue  is 
foreseen.      This  material  will  be  used 
only  as  it  becomes  Utility  grade  and 
is  removed  at  harvest.      Most  board 
mills  do  not  have  facilities  to  handle 
roundwood,    and  rot  and  stain  limitations 
will  prevent  extensive  use  of  logging 
residues.      Pulpmills  feel  that  there  is 
an  ample  supply  of  material   of  lower 
quality  than  is  presently  being  used  that 
is  more  readily  available  and  usable 
than  logging  residues.      Consequently, 
mill  residue  use  should  increase  over 
the  next  decade,    and  any  surplus  of  this 
material  should  be  only  a  local 
phenomenon. 

The  question  then  arises  "Is  there 
enough  mill  residue  from  existing 
sources  to  supply  future  fiberwood  needs? 
Comparing  mill  residue  production  with 
1970  and  expected  1980  use  of  residues 
yields  some  insight.      The  apparent  1970 
deficit  of  mill  residue  fiberwood    in 
Washington  is  offset  by  imports  of 
material  from  Canada,    Idaho,    Montana, 
and  Oregon. 


1970 


Washington 

Oregon 

California 

Total 


Used    Produced 

(1,000  O.D 
4,521  4,025 
5,218  9,513 
1,893        5,839 


II 


1980 

Expected  use 

tons  ) 
4,795 
7,137 
2,546 


11,632      19,377         14,478 


The  latest  national  timber  review  pro- 
jects timber  harvest  to  decline  by  1980  in  each 
of  the  three  States.    Coupled  with  this  is  an 
expectation  of  risinglog exports.    Under  these 
assumptions,  the  amount  of  logs  available  for 
lumber  and  plywood  production  within  the  three 
States  must  decline.    This  implies  that  the  19 
million  tons  of  residue  produced  in  1970  will 
decline  by  1980,  while  expected  use  of  resi- 
dues will  increase. 

Increased  utilization  of  lower  quality 
material,  use  of  a  wide  range  of  species, 
and  increased  geographical  movement  of 
material  will  allow  existing  mill  residue 
to  supply  fiberwood  needs  for  a  limited 
time.    It  seems  highly  probable,  however, 
that  pulp  and  board  plants  will  soon  have 
to  turn  to  alternative  sources,  such  as 
thinnings  and  logging  residues,  and  per- 
haps start  bidding  more  competitively 
among  themselves  and  with  sawmill  and 
plywood  mills  for  existing  log  supplies. 

-'  Calculated  on  the  basis  of: 

a)  81  cubic  feet  of  residue  produced  per  1,  000  board 
feet  of  lumber  produced. 

b)  21.9  cubic  feet  of  residue  produced  per  1,000 
square  feet  of  plywood  produced  (3/8-inch  basis). 
Assumes  cores  are  sawn  for  lumber  and  sander- 
dust,  dry  trim,  and  layup  loss  not  used  for 
fiberwood. 

c)  74  cubic  feet  of  residue  equals  1  O.  D.  ton. 
See  Gedney  and  Henley  (6). 
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The  mission  of  the  PACIFIC  NORTHWEST  FOREST 
AND  RANGE  EXPERIMENT  STATION  is  to  provide  the 
knowledge,  technology,  and  alternatives  for  present  and 
future  protection,  management,  and  use  of  forest,  range,  and 
related  environments. 

Within  this  overall  mission,  the  Station  conducts  and 
stimulates  research  to  facilitate  and  to  accelerate  progress 
toward  the  following  goals: 

1.  Providing  safe  and  efficient  technology  for  inventory, 
protection,  and  use  of  resources. 

2.  Development  and  evaluation  of  alternative  methods 
and  levels  of  resource  management. 

3.  Achievement  of  optimum  sustained  resource  produc- 
tivity consistent  with  maintaining  a  high  quality  forest 
environment. 

The  area  of  research  encompasses  Oregon,  Washington, 
Alaska,  and,  in  some  cases,  California,  Hawaii,  the  Western 
States,  and  the  Nation.  Results  of  the  research  will  be  made 
available  promptly.  Project  headquarters  are  at: 

Fairbanks.  Alaska  Portland,  Oregon 

Juneau,  Alaska  Olympia,  Washington 

Bend,  Oregon  Seattle,  Washington 

Corvallis,  Oregon  Wenatchee,  Washington 
La  Grande,  Oregon 
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ABSTRACT 

Lumber  yields  were  obtained   from  428  logs,  of  which   12 
were  culls,  bucked  from  101  Engelmann  spruce  trees  in  Arizona. 
The  416  merchantable  logs  had  a  gross  scale  of  51,830  board 
feet,   an  average  defect  deduction  of  4.2  percent,  and  produced 
61,709  board  feet  of  lumber  for  a  net  scale  recovery  ratio  of 
124  percent. 

Recovery  relationships  are  indicated  in  summaries  of 
the  lumber  recovery  information  by  log  scaling  diameter  and 
tree  diameter.  Lumber  recovery  averaged  39  percent  of  the 
gross  cubic  volume  of  the  logs  for  a  lumber  recovery  factor  of 
6.  96  board  feet  of  lumber  per  cubic  foot  of  log.  The  higher 
valued  lumber  grade  volume  decreases  with  increasing  log 
and  tree  size. 

About  95  percent  of  the  merchantable  volume  in  the 
sample  trees  was  sawn  as  merchantable  logs. 

Keywords:    Lumber  recovery  studies,  yield  (lumber), 
Engelmann  spruce,  Picea  engelmannii . 


INTRODUCTION 

To  help  determine  the  applicability  of  grading  systems  to  Engelmann  spruce 
(Pieea  engelmannii    Parry)  in  Arizona,  a  lumber  study  was  conducted  jointly  in 
1971  by  the  U.  S.   Department  of  Interior,  Bureau  of  Indian  Affairs  Area  Office  in 
Arizona;  the  Fort  Apache  Timber  Company,   Whiteriver,  Arizona;  and  the  Grade 
and  Quality  of  Western  Softwoods  Project  of  the  Pacific  Northwest  Forest  and  Range 
Experiment  Station.     The  study  obtained  information  on  relationships  of  lumber 
recovery  to  log  and  tree  sizes  that  are  useful  to  the  managers  and  users  of  Engel- 
mann spruce  timber.     This  report  summarizes  the  lumber  recovery  information 
obtained  in  the  study  according  to  log  scaling  diameter  and  tree  diameter  at  breast 
height. 


PROCEDURE 

The  lumber  yield  data  are  based  on  101  trees  selected  from  a  timber  stand  in 
the  White  Mountain  area  of  the  Fort  Apache  Indian  Reservation.     Foresters  working 
in  the  area  considered  the  stand  to  be  representative  of  the  production  unit.     Within 
the  stand,   individual  sample  trees  were  selected  on  the  basis  of  diameter  at  breast 
height  (d.b.h. )  and  stem  quality.     The  objective  was  to  sample  trees  that  were 
representative  of  the  full  range  of  available  tree  characteristics.     The  majority  of 
the  sample  trees  were  on  a  north-facing  slope  where  the  stand  contained  some 
Douglas-fir  and  aspen.     Some  sample  trees  were  in  a  creek  bottom  and  were  essen- 
tially open  grown. 

The  normal  felling,  bucking,  and  sawing  practices  of  the  company  were 
followed  as  nearly  as  possible.     Production  equipment  in  the  sawmill  included  a 
band  headsaw,   a  gang  saw,  edger,   and  trimmer.     Individual  log  identity  was  main- 
tained on  each  piece  of  lumber  through  the  sawing  and  surfacing  phases  of  the  study. 
Study  personnel  accomplished  this  by  using  paint  color  coding,  numbering  with  lum- 
ber keel,  and  photographic  and  voice-recorded  tally  records. 

The  sample  trees  were  bucked  into  logs  and  trucked  to  the  Fort  Apache  Timber 
Company  mill  at  Whiteriver,  Arizona.    At  the  time  of  sawing,  study  logs  were 
brought  from  a  storage  area  to  the  sawmill  log  deck,  barked,  bucked  for  sawing, 
and  scaled.     Each  log  was  sawn  with  the  intent  of  recovering  optimum  value  through 
manufacture  of  the  mill's  usual  lumber  items  of  2  x  4  light  framing,  2  x  G  structural 
joists  and  planks,   and  1-inch  boards. 


Lumber  recovery  information  was  obtained  for  428  logs,  of  which  12  logs 
were  cull.     The  416  merchantable  logs  had  the  following  length  distribution: 


Log  length 

Number 

Percent 

(Feet) 

8 

3 

0.7 

10 

19 

4.6 

12 

37 

8.9 

14 

18 

4.3 

16 

323 

77.6 

18 

7 

1.7 

20 

9 

2.2 

The  target  length  was  16  feet.    Scaling  was  by  Scribner  Decimal  C  log  rule,  U.  S. 
Forest  Service  Scaling  Handbook  rules,  20-foot  maximum  scaling  length.     Logs 
were  culled  if  less  than  33-1/3  percent  sound. 

The  lumber  was  graded  and  tallied  in  a  surfaced  dry  condition  under  the 
supervision  of  the  Western  Wood  Products  Association,  according  to  the  1970 
Standard  Grading  Rules  for  Western  Lumber.     The  grades  were: 


1-inch  boards 


No.  2  Common  &  Btr. 
No.  3  Common 
No.  4  Common 
No.  5  Common 


2x4  light  framing 


Construction  &  Btr. 

Standard 

Utility 

Economy 


2x6  structural 
joists  and  planks 


No.   1  &  Btr. 
No.  2 
No.  3 
Economy 


LUMBER    RECOVERY    -    LOGS 

The  log  scale,  lumber  tally,  and  cubic  volumes  obtained  from  the  study  logs 
are  summarized  in  table  1.    The  gross  scale  of  the  416  merchantable  logs  was 
51,830  board  feet.    Defect  deductions  averaged  4.2  percent  for  a  total  net  scale 
of  49,650  board  feet.    Scale  deductions  do  not  appear  to  be  related  to  log  size  in 
this  sample. 


The  merchantable  logs  produced  61,709  board  feet  of  lumber,  which  is  a  net 


Table  1.— Log  scale,  lumber  tally,  and  cubic  volumes  of  sawn  logs  by  log  scaling  diameter 


Log 

Number 
of 
logs 

Log  scale 

Lumber  tally 

Cubic    volume 

scaling 

diameter 

(inches) 

Gross 

Net 

\\  ■  I  ume 

Recovery- 

Log 

Lumber 

Lumber    y/ 
recovery- 

Sawdust 

Residue 

Board  feet  - 

-    _    - 

-    -   - 

■ 

-    -    - 

-    .    .    . 

antable 

logs: 

6 

6 

60 

60 

123 

205 

23.11 

6.75 

29 

1.44 

L4.9  ' 

7 

25 

630 

620 

653 

105 

132.82 

36.30 

27 

7.50 

8 

43 

1,120 

1,100 

1,480 

135 

294.42 

83.16 

28 

16.96 

9 

39 

1,490 

1,440 

1,936 

134 

347.98 

109.31 

jl 

21.70 

216.97 

10 

30 

1,660 

1,560 

1,929 

124 

324.36 

109.00 

34 

21.98 

11 

41 

2,620 

2,550 

3,174 

125 

513.46 

178.i  3 

35 

36.19 

299.24 

12 

33 

2,610 

2,4  30 

3,277 

135 

506.05 

183.11 

36 

37.36 

285.58 

13 

25 

2,430 

2,310 

2,945 

128 

435.55 

163.75 

38 

33.83 

237.97 

14 

27 

2,850 

2,7  30 

3,802 

139 

537.60 

209.50 

39 

43.75 

284.35 

15 

32 

4,460 

4,170 

5,514 

132 

771.26 

305.33 

40 

63.51 

402.42 

lb 

20 

3,100 

3,090 

4,090 

132 

520.67 

227.90 

44 

46.78 

245.99 

17 

13 

2,280 

2,220 

2,884 

130 

384.20 

162.08 

42 

32.53 

189.59 

18 

16 

3,360 

3,240 

4,039 

125 

545.29 

229.06 

42 

44.67 

271.56 

19 

15 

3,540 

3,360 

4,126 

123 

551.01 

234.54 

43 

45.64 

270.83 

20 

9 

2,410 

2,410 

2,667 

111 

366.03 

151.32 

41 

29.39 

185.32 

21 

12 

3,530 

3,330 

4,162 

125 

563.65 

236.21 

42 

46.14 

281.30 

22 

7 

2,230 

2,080 

2,701 

130 

339.15 

153.36 

45 

29.73 

156.06 

23 

3 

1,140 

1,110 

1,221 

110 

162.53 

69.46 

43 

13.44 

79.63 

24 

6 

2,400 

2,380 

2,763 

116 

417.92 

157.20 

38 

30.24 

230.48 

25 

4 

1,840 

1,720 

1,866 

109 

243.61 

106.26 

44 

20.49 

116.86 

26 

1 

500 

420 

476 

113 

79.94 

26.80 

34 

5.31 

47.83 

27 

3 

1,650 

1,570 

1,532 

98 

231.12 

87.35 

38 

16.95 

126.82 

28 

1 

580 

560 

b)j 

106 

73.48 

33.91 

46 

6.46 

33.11 

29 

2 

1,220 

1,160 

1,401 

121 

183.57 

79.90 

44 

15.54 

88.13 

30 

2 

1,320 

1,270 

1,426 

112 

194.82 

81.41 

42 

15.71 

9  7.70 

31 

0 

— 

— 

— 

-- 

— 

— 

— 

— 

— 

32 

0 

-- 

— 

— 

— 

— 

— 

— 

— 

— 

33 

0 

— 

— 

— 

-- 

— 

-- 

— 

-- 

— 

34 

1 

800 

760 

927 

122 

120.25 

52.73 

44 

10.10 

57.42 

Total 

Cull   logs 

1/ 
2/ 


49,650 


,863.85  3,473.73  39 

168.83  54.68  32 


693.34  4,696.78 


Lumber   tally  volume   as  percentage  of  net  scale  volume. 
Lumber    cubic   volume    as   percentage   of    log   cubic   volume. 


scale  recovery  ratio  (overrun)  of  124.  3  percent.     The  lumber  tally  volume  is  based 
on  nominal  shipping  tally  dimensions.    Although  there  is  an  apparent  trend  for  the 
net  scale  recovery  ratio  to  decrease  with  an  increase  in  log  diameter,  the  relation- 
ship is  not  statistically  significant. 


The  gross  cubic  log  volume  was  computed  by  the  following  formula: 


where: 


2  2 

Gross    cubic   log  volume   =   0.001818L(£     +  D  D     +  £>   ) 
"  sail 


D     is    the   log   scaling   diameter,    small   end; 

D     is   the   log   scaling   diameter,    large   end;    and 

L      is    the   log   scaling   length. 


The  lumber  cubic  volumes  are  based  on  the  actual  surfaced  dry  lumber  dimen- 
sions.    The  sawdust  volume  was  calculated  by  using  an  assumed  average  sawkerf 
of  7/32-inch  and  the  computed  surface  area  of  the  lumber  in  each  log.     The  residue 
volume  was  obtained  by  subtracting  the  lumber  and  sawdust  volume  from  the  gross 
cubic  log  volume.     Thus,  the  residue  volume  includes  a  small  amount  of  sawdust 
associated  with  the  production  of  slabs,  edgings,   and  trim  ends  J/     Note  that  the 
gross  cubic  volume  is  based  on  scale  lengths.     Thus,   an  average  trim  allowance  of 
6  inches  would  increase  the  gross  cubic  volume  by  3.3  percent,   and  there  would  be 
a  corresponding  increase  in  the  volume  of  residue. 

The  cubic  lumber  recovery  ratio  is  significantly  related  to  log  diameter  (fig.  1). 
The  cubic  lumber  recovery  ratio  increases  from  about  25  percent  for  6- inch  logs  to 
43  percent  for  20-  to  25-inch  logs.     The  average  ratio  for  this  sample  was  39.2 
percent.     The  lumber  recovery  per  cubic  foot  of  log  (lumber  recovery  factor)  aver- 
aged 6.  96  board  feet  per  cubic  foot.     This  ratio  is  also  related  to  log  size  (fig.  2). 
It  ranges  from  about  4.  5  board  feet  for  6-inch  logs  to  about  7.  5  board  feet  for  22-inch 
logs. 

The  12  cull  logs  that  were  sawn  had  a  gross  scale  of  950  board  feet  and  pro- 
duced 972  board  feet  of  lumber. 

Log  volume  and  lumber  recovery  values  for  the  average  study  log  in  this  and 
several  other  recent  studies?./  are  as  follows: 


Net  scale 

Lumber 

Gross 

Cubic 

recovery 

recovery 

Species 

scale 

volume 

ratio 

factor 

Basis 

(Board 

(Cubic 

(Percent) 

(Number 

feet) 

feet) 

of  logs) 

Engelmann  spruce' 

Whiteriver,  Ariz. 

124.  6 

21.31 

124 

6.96 

416 

Natal,  B.C. 

74.5 

14.88 

126 

6.15 

503 

Moyie  Springs, 

Idaho 

123.8 

21.96 

135 

7.  13 

990 

East- side  Douglas- 

■fir 

129.5 

22.37 

130 

6.66 

4,971 

Western  larch 

126.4 

20.76 

127 

6.66 

2,810 

— '  A  more  detailed  explanation  of  the  computation  procedure  may  be  found  in  :  John  W.  Henley 
and  Jill  M.  Hoopes,  An  electronic  computer  program  for  calculating  saw  log  lumber  recovery  and 
value,  USDA  Forest  Service,   47  p. ,    Pacific  Northwest  Forest  and  Range  Experiment  Station, 
Portland,  Oregon,  1967. 

_'  Donald  R.  Gedney  and  John  Henley.  Utilization  estimates  for  western  softwoods — trees, 
logs,  and  residue.  USDA  Forest  Service  Research  Note  PNW-158,  8  p.,  Pacific  Northwest  For- 
est and  Range  Experiment  Station,  Portland,  Oregon,  1971. 
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Figure  1. — Relationship  of  lumber  cubic  recovery  ratio  to  scaling 
diameter  -  merchantable  logs. 
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Figure  2 . --Relationship  of  lumber  recovery  factor  (LRF)  to  scaling 
diameter  -  merchantable  logs . 


The  results  of  this  study  appear  to  fall  in  line  with  those  obtained  in  other 
studies.  The  Natal,  B.  C. ,  study  logs  were  sawn  in  1966.  The  principal  items 
sawn  were  2-inch  dimension.  The  Moyie  Springs,  Idaho,  study  logs  were  sawn 
in  1962  into  1-inch  boards. 

A  1957  study  of  Engelmann  spruce  in  southwestern  Colorado3./  obtained  lower 
recovery  values.    In  this  study,  the  average  log  had  a  gross  scale  of  97.  8  board 
feet  and  a  net  scale  recovery  ratio  of  106  percent.    One-inch  boards  were  sawn 
in  the  study. 

The  surfaced  dry  lumber  grade  recovery  percentages  are  shown  by  diameter 
in  table  2.  The  higher  value  lumber  grade  volume  tends  to  decrease  with  increas- 
ing log  size  (fig.  3).  Conversely,  the  lower  value  lumber  (Utility,  No.  3  Common, 
and  Economy)  production  increased  with  increasing  log  diameter. 


3/  Lincoln  A.  Mueller  and  Roland  L.  Barger.    Lumber  grade  recovery  from  Engelmann 
spruce  in  Colorado.    USDA  Forest  Service  Research  Paper  RM-1,  23  p.,  Rocky  Mountain  Forest 
and  Range  Experiment  Station,  Fort  Collins,  Colo. ,  1963. 


Table  2.— Lumber  grade  yields  of  sawn  logs  by  scaling  diameter 


Log 

Number 
of 
logs 

Total 

lumber 

tally 

Li 

imber   grade 

scaling 

diameter 

(inches) 

No.    1 

No.    2 

No.    3 

Construction 

Standard 

Utility 

Economy 

No.    2 
Common 

no.  3 

Common 

No.    4 
Common 

No.    5 
Common 

Board 

Merchantable 

logs: 

feet 

Percent  of 

total   luni 

er  tally  - 

6 

6 

123 

8.13 

0 

0 

46.34 

40.65 

0 

0 

0 

0 

4.88 

0 

7 

25 

653 

14.09 

8.88 

3.68 

35.38 

25.42 

5.82 

4.90 

1.22 

0 

.61 

0 

8 

43 

1,480 

20.00 

18.92 

10.14 

26.49 

11.22 

5.81 

2.97 

.20 

1.55 

2.03 

.68 

9 

39 

1,936 

26.45 

27.27 

7.85 

13.53 

8.94 

4.86 

7.90 

.77 

1.45 

.98 

0 

10 

30 

1,929 

25.71 

29.55 

7.36 

11.82 

9.38 

7.31 

3.99 

.16 

2.38 

2.13 

.21 

11 

41 

3,174 

22.69 

17.20 

6.30 

20.98 

17.83 

7.09 

4.44 

.32 

.69 

2.08 

.38 

12 

33 

3,277 

15.93 

19.04 

6.17 

23.86 

15.72 

10.31 

5.68 

0 

.82 

1.95 

.52 

13 

25 

2,945 

14.20 

12.97 

3.26 

35.45 

19.76 

7.57 

3.53 

.51 

1.05 

1.50 

.20 

14 

27 

3,802 

7.89 

6.36 

2.37 

42.87 

25.78 

9.15 

3.29 

.18 

1.13 

.87 

.11 

15 

32 

5,514 

7.91 

9.21 

2.47 

34.44 

29.51 

7.16 

6.55 

.14 

.98 

1.47 

.16 

16 

20 

4,090 

16.82 

11.15 

6.84 

33.35 

19.54 

6.26 

3.13 

.20 

1.12 

1.10 

.49 

17 

13 

2,884 

20.80 

17.96 

11.86 

22.68 

9.78 

5.44 

8.60 

0 

1.00 

1.39 

.49 

18 

16 

4,039 

38.03 

24.81 

10.50 

12.38 

5.00 

2.30 

4.78 

.25 

.47 

1.19 

.30 

19 

15 

4,126 

28.60 

23.46 

11.59 

6.45 

5.84 

2.42 

18.93 

.07 

.97 

.87 

.80 

20 

9 

2,667 

37.05 

24.75 

11.32 

10.50 

6.82 

1.69 

6.08 

.41 

.26 

1.12 

0 

21 

12 

4,162 

28.50 

26.53 

14  .32 

9.88 

5.31 

4.01 

8.94 

.31 

.19 

1.39 

.62 

22 

7 

2,701 

29.25 

23.92 

14.22 

11.18 

2.00 

3.52 

14.11 

.11 

0 

1.70 

0 

23 

3 

1,221 

27.68 

33.25 

19.66 

6.88 

4.42 

.66 

5.08 

0 

.66 

1.15 

.57 

24 

6 

-',76  3 

20.05 

26.42 

24.10 

6.12 

3.47 

2.68 

15.89 

0 

.36 

.51 

.40 

25 

4 

1,866 

29.15 

30.76 

13.18 

5.47 

5.04 

.38 

13.77 

0 

.48 

1.50 

.27 

26 

1 

476 

27.31 

20.59 

9.66 

26.05 

9.87 

0 

5.25 

0 

0 

0 

1.26   .' 

27 

3 

1,532 

20.37 

35.90 

14.10 

3.52 

4.05 

1.24 

17.49 

.20 

.85 

1.96 

.33 

28 

1 

595 

11.43 

37.65 

28.24 

1.34 

4.20 

3.19 

13.28 

0 

0 

.67 

0 

29 

2 

1,401 

9.42 

26.27 

29.12 

2.07 

6.57 

5.71 

18.27 

0 

.36 

.93 

1.28 

30 
31 
32 
33 

34 

2 
0 
0 
0 

1 

1,426 

17.95 

31.56 

22.44 

2.95 

5.40 

4.84 

12.76 

0 

0 

2.10 

0 

927 

5.18 

29.13 

25.46 

.97 

2.91 

7.34 

28.48 

0 

0 

0 

.54 

Total 

416 

61,709 

21.31 

20.68 

10.60 

18.78 

12.26 

5.10 

8.62 

.19 

.76 

1.34 

.36 

Cull    logs 

12 

972 

5.76 

8.44 

22.63 

10.91 

10.80 

14.30 

25.21 

0 

.31 

.51 

1.13 

100. 
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Figure  3. — Relative  lumber  grade  recovery  for  6-inch  size 
classes  of  logs  and  trees. 


LUMBER    RECOVERY   -    TREES 

Log  scale,  lumber  tally,    and  cubic  volumes  obtained  for  the  101  study  trees 
are  summarized  in  table  3.     These  values  were  obtained  by  adding  log  values.     The 
gross  board-foot  scale  volumes  and  the  cubic-foot  tree  volumes  include  the  broken 
and  other  cull  segments  of  the  tree  bole  that  were  left  in  the  woods.      In  the  cases 
where  the  tree  top  broke  or  was  cull,    volumes  are  to  an  8-inch  merchantable  top 
diameter.     Thus,  the  total  gross  scale  of  54,000  board  feet  represents  the  maximum 
volume  that  could  have  been  removed  from  the  woods,    according  to  the  bucking 
practices  followed  by  the  company. 

The  gross  tree  scale  volume  and  cubic  volume  breaks  down  into  the  following 
categories: 


Merchantable  logs 
Cull  logs  that  were  sawn 
Cull  logs  not  sawn 
Breakage 


Gross  scale 

Cubic 

volume 

voe 

nt- 

volume 



-Pe 

96.0 

95.4 

1.8 

1.8 

1.5 

1.7 

.7 

1.  1 

The  volume  in  the  tree  tops  above  the  merchantable  top  diameter  is  not  included. 


Thirty-eight  percent  of  the  available  cubic-foot  volume  in  the  trees  was  manu- 
factured into  lumber.     This  amounts  to  an  average  recovery  of  6.  75  board  feet  per 
cubic  foot  of  log  volume. 


The  lumber  grade  recovery  percents  are  summarized  by  trees  in  table  4. 
The  relative  amounts  of  the  better  quality  lumber  items  tend  to  decrease  as  tree 
size  increases  (fig.   3). 


The  average  defect  (cull  logs,  breakage,  and  scale  deductions)  was  8  percent. 
The  defect  decreases  with  increasing  tree  size  (fig.  4).    The  net  scale  recovery 
ratio  (overrun)  changes  with  tree  size  (fig.   5).     The  average  ratio  was  126  percent. 
The  cubic  recovery  ratios  are  similar  to  those  obtained  for  logs  and  are  shown  in 
figures  6  and  7. 


Table  3.— Log  scale,  lumber  tally,  and  cubic  volumes  of  trees  by  tree  diameter  at  breast  height 


Tree 

Numbe  i 

of 

trees 

Log  scale 

Lumber   tally 

Cubic    volume 

d.b.h. 
(inches) 

Gross 

Net 

Volume 

Recovery- 

Tree 

Lumber 

Lumber    .. 
recovery— 

Sawdust 

:  dUI 

n 
ii 

12 
13 
14 
15 
L6 
17 
18 

21 
22 

2  I 
24 
25 

> 
27 
28 
29 
30 
31 
J  2 
33 
34 
35 
16 
37 
38 
39 




Board  feet 



90 

60 

47 

78 

730 

570 

688 

121 

160 

330 

416 

126 

900 

740 

1,008 

136 

570 

510 

670 

131 

2,110 

1,830 

2,326 

127 

1,920 

1,590 

1,994 

125 

1,800 

1,390 

2,061 

148 

2,100 

2,0  30 

2,^38 

135 

2,490 

2,490 

3,125 

126 

1,970 

1,840 

2,260 

123 

2,930 

2,910 

3 ,  888 

1  '.', 

2,460 

2,120 

2,662 

126 

2,860 

2,380 

3,448 

145 

5,340 

4,980 

6,226 

125 

910 

910 

1,127 

124 

5,070 

4,700 

S .  3  5 

127 

2,140 

, 

121 

2,660 

2,370 

2,868 

121 

1,320 

1,290 

1,744 

135 

900 

880 

1,127 

128 

1,560 

1  ,.'.-.:  I 

1,829 

143 

2,030 

1,9  30 

2,162 

112 

2,250 

2,230 

2,472 

111 

2,190 

2,050 

2,449 

119 

1,980 

1,870 

2,153 

115 

2,360 

2,280 

2,698 

118 

54,000  49,650 


_   _    - 

-    - 

-    - 

-    - 

18.17 

2.65 

15 

0.56 

14.96 

166.8  7 

IH.40 

1  t 

/.  n 

120.71 

81.19 

23.24 

4.79 

184.07 

II 

11.45 

1 16.06 

114.4  ) 

37.87 

II 

7.44 

69.  1  ' 

415.45 

130.52 

31 

26.59 

371.49 

111.4 8 

1(1 

22.59 

144  .  16 

114.89 

31 

!3. 

205.86 

416.  IS 

151 .97 

37 

469.96 

173.72 

37 

345.69 

126.03 

36 

25.73 

524.22 

217.24 

M 

43.95 

440.71 

148.94 

34 

30.07 

261. 70 

502.84 

193.72 

39 

38 .  58 

270.54 

870.59 

350.89 

40 

69.69 

450.01 

151.54 

63.41 

42 

12.55 

75.58 

837.29 

336.88 

40 

66.27 

434.14 

351.14 

143.55 

'.1 

28.39 

179.20 

425.08 

162.03 

38 

31.85 

2  31.20 

225.63 

98.71 

44 

19  .  35 

107.57 

174.63 

63.70 

16 

12.76 

98.17 

245.63 

103.41 

42 

20.24 

121.98 

307.48 

122.69 

40 

24.00 

160.79 

329.45 

140.61 

43 

27.25 

161.59 

324.86 

139.28 

43 

27.09 

158.49 

298.40 

122.32 

41 

24.18 

151.90 

353.13 

15). 70 

44 

29.60 

169.8  3 

9,290.65 

3,528.41 

38 

704.24 

5,058.00 

—  Lumber  tally 

—  Lumber  cubic 


Dlume  as  percentage  of  net  scale  volume. 
slume  as  percentage  of  log  cubic  volume. 


Table  4.— Lumber  grade  yields  of  trees  by  diameter  breast  height  (d.b.h.) 


Tree 
d.b.h. 
inches) 

Number 
of 
trees 

Total 

lumber 

tally 

Lumber   grade 

No.    1 

Mo.    2 

No.    3 

Construction 

Standard 

Utility 

Economy 

No.    2 

Common 

Mo.    i 

Common 

No.    4 

'  omrnon 

:io.   5 

Common 

feet 

10 

1 

47 

34.04 

21.28 

0 

23.40 

0 

0 

10.64 

10.64 

0 

0 

0 

11 

10 

688 

20.06 

18.02 

6.10 

29.65 

14.10 

8.28 

1.74 

.58 

.87 

.58 

0 

12 

4 

416 

19.23 

11.  Ot 

0 

27.88 

9.86 

13.70 

13.94 

.72 

1.68 

1.92 

0 

13 

6 

1,008 

25.20 

18.85 

7.54 

22.12 

13.69 

6.55 

2.58 

0 

1.79 

1.69 

0 

14 

3 

670 

32.84 

25.07 

1.58 

16.57 

8.51 

4.78 

7.16 

0 

1  .  04 

.45 

0 

15 

10 

2,326 

24.76 

16.17 

4.13 

30.91 

12.94 

3.48 

4.00 

.26 

1.76 

.99 

.60 

16 

8 

1,994 

23.87 

17.65 

2.71 

32.  K5 

12.94 

4.71 

2.66 

.25 

.40 

1.96 

0 

17 

6 

2,061 

15.14 

15.33 

6.60 

23.58 

17.61 

14.51 

3.74 

.15 

1.12 

1  .99 

. 

18 

6 

2,738 

10.11 

3.29 

34.59 

22.13 

7.60 

6.10 

.  58 

1.97 

1.39 

19 

6 

3,125 

11.90 

12.74 

4.22 

40.13 

20.93 

3 .  78 

2.46 

.58 

.90 

2.27 

.  L0 

20 

4 

2,260 

17.06 

15.22 

5.58 

35.40 

12.65 

6.73 

3.50 

.44 

.31 

1  .  86 

21 

5 

3,888 

25.46 

11.78 

5.14 

35.60 

14.17 

2.34 

3.29 

.26 

.21 

1.34 

.41 

22 

4 

2,662 

19.31 

17.51 

5.4H 

22.13 

18.75 

7.48 

7.06 

0 

.75 

1.01 

.  i  l 

23 

4 

3,448 

28.89 

12.82 

7.83 

21.29 

10.88 

6.29 

10.01 

.55 

1.1) 

.23 

24 

6 

6,226 

26.89 

20.04 

9.09 

15.23 

14.07 

4.21 

7.87 

. 

.47 

1.12 

.56 

25 

1 

1,127 

26.09 

22.36 

10.65 

15.08 

10.38 

3.64 

9.49 

0 

.  15 

.44 

1.51 

26 

5 

5,956 

29.15 

23.91 

10.61 

11.38 

10.80 

4.15 

7.71 

.05 

.89 

1.02 

.34 

27 

2 

2,539 

18.35 

25.60 

13.71 

11.11 

10.00 

5.67 

12.84 

0 

.59 

1  .  73 

1 

28 

0 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

29 

2 

2,868 

10.67 

18.69 

19.25 

L0.60 

11.54 

4.39 

22.87 

.10 

.66 

1.08 

.14 

30 

1 

1,744 

34.29 

16.86 

12.04 

16.11 

8.89 

2.06 

7.86 

0 

.46 

1.43 

0 

31 

0 

— 

__ 

__ 

— 

— 

— 

— 

— 

-■■ 

— 

— 

~ 

32 

1 

1,127 

4.44 

16.68 

2  3.60 

3.73 

15.17 

11.45 

21.56 

0 

1.77 

.62 

33 

1 

1,829 

17.93 

26.46 

19.79 

14.76 

1 .  18 

3.55 

8.75 

0 

.27 

.77 

.33 

34 

1 

2,162 

31.82 

24.33 

12.12 

8.23 

7.59 

3.56 

9.67 

0 

.74 

1.94 

0 

35 

1 

2.472 

29.85 

33.01 

11.49 

4.13 

5.62 

4.1  I 

9.47 

0 

.28 

1.82 

.20 

36 
37 

0 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

1 

2,449 

8.25 

29.89 

26.62 

3.39 

5.92 

5.72 

18.09 

.12 

.20 

.16 

38 

1 

2,153 

8.45 

33.53 

22.29 

4.64 

8.45 

4.60 

13.84 

.14 

1.11 

1.30 

39 
3tal 

1 

2,698 

9.86 

37.36 

23.65 

.89 

4.74 

5.37 

16.57 

0 

.82 

.56 

101 

62,681 

21.07 

20.49 

10.  79 

18.66 

12.23 

5   24 

8.88 

.20 

.75 

L .  3  3 

.  36 
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Figure   4. — Relationship  of   scale   defect   to   tree   diameter  at  breast 
height    (d.b.h.). 
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Figure  5. — Relationship  of  net  scale  recovery  ratio  to  tree  diameter 
at  breast  height  (d.b.h.). 
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Figure  6. --Relationship  of  cubic  recovery  ratio  to  tree  diameter  at 
breast  height  (d.b.h.). 
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Figure  7. — Relationship  of  lumber  recovery  factor  (LRF)  to  tree 
diameter  at  breast  height  (d.b.h.). 
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The  mission  of  the  PACIFIC  NORTHWEST  FOREST 
AND  RANGE  EXPERIMENT  STATION  is  to  provide  the 
knowledge,  technology,  and  alternatives  for  present  and 
future  protection,  management,  and  use  of  forest,  range,  and 
related  environments. 

Within  this  overall  mission,  the  Station  conducts  and 
stimulates  research  to  facilitate  and  to  accelerate  progress 
toward  the  following  goals: 

1.  Providing  safe  and  efficient  technology  for  inventory, 
protection,  and  use  of  resources. 

2.  Development  and  evaluation  of  alternative  methods 
and  levels  of  resource  management. 

3.  Achievement  of  optimum  sustained  resource  produc- 
tivity consistent  with  maintaining  a  high  quality  forest 
environment. 

The  area  of  research  encompasses  Oregon,  Washington, 
Alaska,  and,  in  some  cases,  California,  Hawaii,  the  Western 
States,  and  the  Nation.  Results  of  the  research  will  be  made 
available  promptly.  Project  headquarters  are  at: 

Fairbanks,  Alaska  Portland,  Oregon 

Juneau,  Alaska  Olympia,  Washington 

Bend,  Oregon  Seattle,  Washington 

Corvallis,  Oregon  Wenatchee,  Washington 
La  Grande,  Oregon 


Mailing  address:    Pacific  Northwest  Forest  and  Range 
Experiment  Station 
P.O.  Box  3147 
Port/and,  Oregon  97208 


GPO  990-146 


The  FOREST  SERVICE  of  the  U.  S.  Department  of  Agriculture 
is  dedicated  to  the  principle  of  multiple  use  management  of  the 
Nation's  forest  resources  for  sustained  yields  of  wood,  water, 
forage,  wildlife,  and  recreation.  Through  forestry  research,  co- 
operation with  the  States  and  private  forest  owners,  and  man- 
agement of  the  National  Forests  and  National  Grasslands,  it 
strives  —  as  directed  by  Congress  -  to  provide  increasingly  greater 
service  to  a  growing  Nation. 
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ABSTRACT 

Red  and  white  fir  grade  recovery  percentages  are 
presented  by  log  and  veneer  block  diameter  classes. 
Less  than  1  percent  of  veneer  was  recovered  in  A  and  B 
grades.     About  55  percent  of  both  the  log  volumes  or 
block  volumes  was  recovered  as  dry,    untrimmed  veneer. 
Relationships  of  recovery  ratio  and  square  feet  or  cubic 
feet  of  veneer  to  log  volume  are  shown. 

Keywords:     Veneer  mill  studies,    red  fir,    Abies  magnified, 
white  fir,   Abies  eoneolor. 
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INTRODUCTION 

The  true  firs   (Abies   spp.  )    represent  approximately  13  percent  of  the 
commercial  sawtimber  volume  in  the  Western  United  States.      This  amounts  to 
nearly  235  billion  board  feet.      In  California  the  true  firs  comprise  about  25 
percent  of  the   softwood  sawtimber  volume.      In  the  central  Sierra  of  California, 
nearly  50  percent  of  the  sawtimber  volume  is  composed  of  California  red  fir 
(A.    magnifiaa    A.    Murr.)  and  white  fir  [A.    oonoolov  (Gord.    and  Glend.  )  Lindl.  ). 

Both  these  species  have  increased  in  importance  as   raw  material  for  the 
wood  using  industry.     However,    only  a  small  number  of  mills  use  true  fir  in 
plywood.      In  1970,    over  620  million  board  feet,    log  scale,    of  red  and  white  fir 
were  produced  from  National  Forest  lands  in  California;  in  contrast,    these 
same  Forest  lands  produced  about  380  million  feet  in  I960. 

With  expanded  utilization  of  the  true  firs,    a  need  has  developed  for 
up-to-date  information  on  grade  and  volume   recovery  of  lumber  and  veneer 
from  these   species.      To  provide  this  information,    the  Pacific  Northwest 
Forest  and  Range  Experiment  Station  conducted  this   study  in  cooperation  with 
other  public  agencies  and  the  forest  products  industry. 

Veneer  yield  information  is  presented  according  to  current  Forest 
Service  Region   5  log  grading  and  scaling  practices  for  short  logs. 

Forest  managers,    timber  buyers,    and  forest  industry  plant  managers 
will  find  this   report  useful  in  estimating  veneer  grade  and  volume   recovery. 

The  volume  losses  in  red  and  white  fir  plywood  production  can  be  esti- 
mated from  other  reports    (8,10). 

STUDY  PROCEDURE 

Sampling 

The  timber  sample  was  divided  into  two  segments,    one  for  processing 
in  a  veneer  plant  and  one  for  processing  at  a  sawmill.      This   report  presents 
the  peeling  or  veneer  recovery  phase.      The  lumber  recovery  phase  will  be 
discussed  in  a  separate  report. 

Trees    for    the   study  were   selected  from  18  areas  located  on  the  Tahoe, 
Eldorado,     and  Stanislaus  National  Forests  in  the  central  Sierra  Nevada  of 
California.      Area    locations  are   shown    in    figure   1.      The   sample  of  123    trees, 
including    both  California    red  fir    and  white  fir,     represented  the  full    range  of 
size  and  quality  of  true  fir  timber  in  the  central  Sierra  Nevada.      Individual 
trees  were  stratified    on  the  basis  of  size,    butt  log    grade,—    and  defect  classes  (5). 


—     Based  on  Forest  Service  Region  6  west-side  Douglas-fir  log  grades  without 
diameter  limits. 


Figure  1. — Approximate 
locations   of   timber 
sample  areas    (•)    and 
study  mill    f # ) . 
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Each  tree  was  examined  before    it  was  felled,    and  surface   characteristics 
for  the  first  32  feet  were  diagramed  (1 ,    2).      The  felled  trees  were  bucked  into 
logs  of  multiple  8-foot  block  lengths.      Small  unpeelable  logs  from  the  upper 
part  of  the  tree  and  segments  less  than  8  feet  long  were  not  considered  study 
material  and  were  not  processed.      Maximum  bucked  length  was   34  feet. 

Log  Diagraming,    Scaling,    and  Grading 

Before  the  bucked  logs  were   skidded,    visible  log  surface  characteristics 
were  diagramed,    tree  and  log  diameters   and  lengths  were   recorded,    and  logs 
were  tagged  for  identification.      Logs  delivered  to  the  mill  were  decked  and 
kept  under  water  spray  until  removed  for  debarking  and  bucking  into  blocks  the 
day  before  they  were  peeled.      These  blocks  were   scaled  (6)  and  retagged  for 
identification.      Individual  blocks  and  short  logs   (composite  of  two  blocks)  were 
graded  by  applying  the  Forest  Service  grades  for  white  fir  to  the  log  surface 
diagrams   (7). 


Peeling,    Drying,    and  Grading 

According  to  mill  practice,    all  study  blocks  were  steamed  for  approximately 
18  hours  at  180°   F.      The  977  blocks  in  the  study  ranged  from  7  to  48  inches   in 
small-end  diameter.      Block  lengths  and  diameters  were  measured  before  they 
were  peeled. 


All  blocks  were  peeled  on  a  single    8-foot  lathe  with  blocks  positioned  and 
chucked  in   the  geometric    center.      Minimum  core  size  possible  was  about  6 
inches.      The  diameter    of  the  peeler  core,    its  condition   (rotten,    checked,    or 
shattered  due  to  spin-out)  ,    and    its  disposition  (chipped,  sawn    into  lumber,    or 
burned)    were    recorded. 

Veneer  was  peeled  into  1/10-,   1/8-,    and  3/l6-inch  thicknesses.     A  single 
block  was  peeled  into  only  one  thickness.      Throughout  the  peeling  phase  of  the 
study,    a  quality  supervisor  from  the  American  Plywood  Association  made 
periodic  checks  on  the  quality  and  thickness  of  the  peel. 

Study  blocks  were  peeled  in  groups  of  20;  block  identity  of  individual 
pieces  of  veneer  was  maintained  by  color  coding  all  veneer  from  a  given  block 
with  a  continuous   stripe  of  water- soluble  dye   sprayed  on  the  tight  side  of  the 
veneer  as  it  was  peeled  from  the  block  (2)  .     Green  veneer  from  each  of  the  20- 
block  groups  was  clipped,    sorted,    and  stored  separately  from  other  20-block 
groups  of  veneer.      Loads   of  green  veneer  from  a  given  group  were  color  coded 
for  group  identity  before  storage. 

Green  veneer  items  produced  in  this   study  included  full  sheets,    half  sheets, 
and  random  width  strips  in  4-   and  8-foot  lengths.      The  veneer  was   sorted  onto 
carts  by  automatic  pullers,    except  for  4-foot  strips   (fishtails)  which  were  hand- 
pulled.      Sapwood  and  heartwood  veneer  pieces  were  not  separated  at  the  green 
chain. 

All  veneer  was  dried  by  green  item  and  thickness.      The  color  code  identity 
of  veneer  from  each  block  in  the  group  of  20,    for  a  given  item  and  thickness, 
was  maintained  during  drying,    grading,    and  tallying. 

Dry  veneer  was  graded  by  and  under  the   supervision  of  the  American 
Plywood  Association  quality  supervisors.      Grading  was  by  U.S.    commercial 
standards   (4):  A,    A  patch,    B,    B  patch,    C,    C  plug,    D. 

Each  piece  of  veneer  was  tallied  separately  by  grade,    block,    color  code, 
and  20-block  group  number.      Full  sheets  were  dried  separately  and  graded  and 
tallied  as  they  were  pulled  onto  the  dry  sorting  table.      Half  sheets  and  random 
width  strips  of  veneer  were  dried  together  and  graded  as  they  came  from  the 
dryer.     Half  sheets  were  tallied  as  they  were  pulled  onto  the  dry  sorting  table, 
but  random  width  veneer  was  pulled  onto  carts  then  tallied  by  piece. 

Dry  veneer  with  isolated  large  defects  which  could  be  upgraded  by 
reclipping  was  marked  "reclip"   and  was  pencil  clipped  and  tallied  as   random 
width.      Minimum  reclipping  width  was  8  inches.      Below  grade  veneer  utilized 
by  the  mill  was  tallied  but  reported  separately  from  graded  veneer.      Veneer 
needing   redrying  was  pulled,    graded,    and  tallied  without  going  through  the 
dryer  again. 


Compilation  of  data 

Veneer  recovery  was   summarized  by  grade,    size,    and  peeler  block  number 
by  use  of  computer  programs   (9)  developed  to  handle  veneer  recovery  data.      Out- 
puts from  these  programs  include  veneer  grade  yield  in  square-foot  and  cubic- 
foot  volumes,    recovery  by  block  and  log  diameter  classes,    distribution  of  veneer 
by  grade  and  piece  size.      The  tally  of  dry,    untrimmed  veneer  obtained  from  the 
peeled  blocks  was   compiled  into  veneer  grade  yields   on  a  square-foot,    3/8-inch 
basis . 

The  veneer  grade  yield  for  the  short  logs  was   obtained  by  combining  the 
block  veneer  recovery  of  successive  pairs  of  blocks  from  each  sample  tree.      The 
cubic  volumes  of  the  blocks,    veneer,    core,    below  grade  veneer,    and  residue 
were  calculated. 

The  gross   cubic  block  volume  was   computed  by  the  following  formula: 

Gross  cubic-foot  volume  =  0.001  81  8L(C  2    +  DJ)     +  D2) 

Where 

0.  001818  is  a  constant; 

L  is  the  actual  block  length  in  feet; 

D     is  the  average  block  diameter,    small  end,    in  inches;  and 

D     is  the  average  block  diameter,    large  end,    in  inches. 

Li 

Individual  peeler  blocks  were  summed  to  provide  the  cubic  volume  of  short  logs. 

Residue  veneer  volume  was  obtained  by  subtracting  the  total  veneer,    core, 
and  below  grade  veneer  volumes  from  the  gross  block  volume.      The  residue 
total,    therefore,    includes   spur  and  roundup,    green  clipper,    and  dryer  losses. 

RESULTS 

The  graphs  in  figures   2  and  3  indicate  the  relative  distribution  of  the  short 
logs  and  peeler  blocks  by  log  grade.      The  479  short  logs  produced  416,  908  square 
feet  of  veneer,    3/8-inch  basis.      A  summary  of  the  total  scale  and  cubic  volumes 
of  these  logs  for  each  log  grade  is  presented  in  table  1  .      Detailed  log  volumes 
and  distributions  by  log  grade  and  diameter  class  are  presented  in  Appendix  A, 
tables   5  to  19.      Blocks  and  logs  were  graded  by  the  same  log  grade   specifications. 

The  977  veneer  blocks  produced  416,  652  square  feet  of  veneer.      A  summary 
of  log  scale  and  cubic  volume  is  presented  in  table  2.      Detailed  volumes  by  log 
grade  and  diameter  class   are  presented  in  appendix  B,    tables   20  to   34. 

There  is  a  difference  between  the  total  veneer  volume  shown  for  the  short 
logs  and  that  for  blocks  because  any  cull  (less  than  one-third  sound)  veneer  block 
that  was  bucked  from  a  noncull  short  log  but  produced  veneer  was  included  with 
the  adjacent  block.      However,    these  cull  blocks,    along  with  the  small  amount  of 
veneer  they  produced,    are  not  included  in  the  tables   of  individual  block  data. 


Logs 
Net  scale 


LOG  GRADE 

Figure  2. — Distribution  of  479  red  and  white  fir  logs  by 
percentage   of   total   number   of  logs  and  net   scale   for 
each   log   grade. 
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Figure  3. — Distribution  of  977  red  and  white  fir  veneer  blocks 
by  percentage  of  total   number  and  net   scale  for  each  block 
grade. 
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Scaling  Defeats 

Ail  logs   in  this   report  are  at  least  one-third  sound  as  determined  by  the 
scaler.      Figure  4  presents  the   relationship  of  defect  percentage   (Scribner  scale) 
to  log  and  block  diameter  for  all  grades  combined.      Average  scaling  defect 
percentage  was  8.  7  for  short  logs  and  7.  6  for  peeler  blocks. 
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Figure    4. — Relationship  of  percent   defect    to 
diameter  for  woods-length  red  and  white  fir 
logs  and  veneer  blocks. 


Veneer  Recovery  Ratio 

The  range  in  veneer  recovery  volume  and  recovery  ratio  can  be  compared 
by  log  grade  and  diameter  class  from  appendix  A,    tables   5  to  9,    and  appendix 
B,    tables   20  to  24.      Veneer  recovery  ratio  is   square  feet  of  dry,    untrimmed 
veneer  (3/8-inch  basis)  per  board  foot  of  net  log  or  net  block  scale.      Figure   5 
shows  the  relationship  of  the  recovery  ratios  to  scaling  diameter  for  all  log 
grades  combined.      Although  average  recovery  ratios  shown  in  the  tables  differ 
between  log  grades,    they  are  somewhat  similar  for  logs  of  the  same  diameter 
classes . 


Cubic  Recovery  Percentage 

The  veneer   recovery  percentages  are  similar  among  the  four  log  and  block 
grades   (tables   1    and  2).      With  short  logs,    the  cubic  recovery  decreased  from 
59.71   percent  for  grade  1,    to  52.8  percent  for  grade  4,    table   1.      The   relationship 
of  cubic   recovery  ratio  to  block  and  log  scaling  diameter  is   shown  in  figure  6. 
Figure  7  shows  for  this   sample  the  number  of  square  feet  of  veneer  (3/8-inch 
basis)  that  was  produced  per  cubic  foot  of  log  or  block  volume.      A  mill  manager 
having  a  cubic  estimate  of  log  or  block  input  to  the  veneer  mill  could  use 
figure  7  to  estimate  the  total  square-foot  recovery  volume  that  could  be  expected 
from  the  logs   or  blocks. 


Figure  5. — Relationship  of 
veneer  recovery  ratio   to 
log  and  block  diameters  of 
red  and  white  fir.      Recovery 
ratio  is  square  feet  of  dry, 
untrimmed  veneer,    3/8-inch 
basis,    per  board   foot   of 
net  scale. 
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Figure   6. — The  relationship  of  cubic  feet  of 
veneer  volume  per  cubic  foot  of  log  and  block 
volume  for  red  and  white  fir  by  diameter. 
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Figure    7. — The  relationship  of  square   feet   of 
veneer    (3/8-inch  basis)    per  cubic   foot   of 
log  or  block  volume  for  red  and  white  fir 
by  diameter. 


The  following  example  uses  both  the  recovery  ratio  data  in  figure   5  and 
square  feet  per  cubic  foot  curves  in  figure  7. 

A  mix  of  log  lengths  and  diameters  could  be  used.      However,    assume  for 
these  examples  an  average  scaling  diameter  of  1  8  inches  and  a  17-foot  scaling 
length  for  250  logs. 


Example   using  square  feet   to  eubio-foot  ratio: 

Gross  scale  =  57,  500  board  feet,  Scribner 
Net  scale  =  52,  325  board  feet,  Scribner 
Average  cubic  feet  per  log  =    34.  5  (calculated  from  number  of  logs  and 

cubic  log  volume  for  18-inch  logs,    appendix  A,    table  9) 
Total  cubic  feet  in  example  =  8,625. 

The  yield  from  18-inch  logs  was   16.4  square  feet  of  veneer,    3/8-inch 
basis,    per  cubic  foot  of  log  (read  from  short  log  curve,    18-inch  diameter,    fig.    7), 

250  logs  =   141  ,  450   square  feet,    3/8-inch  basis. 

Example  using  recovery  ratio: 


Recovery  ratio  for  18-inch  logs  =   2.  65  (read  from  short  log  curve  for 


fig.    5) 


Recovery     ratio    of    square    feet    of    3/8-inch  veneer  per  board  foot  net 
scale  =   2.  65    x  52,  325  =   1  38,  661    square  feet,    3/8-inch  basis. 

Calculations  by  the  two  methods   result    in  a  difference  of  about  2  percent 
or  2,  789  square  feet    of  veneer,    3/8-inch  basis. 

The  calculations  in  each  example  could  be  made  using  the  overall  study 
ratios  of  1  6.  64  square  feet  per  cubic  foot  and  2.  58  square  feet  per  board  foot 
net  scale. 

Veneer  Grade  Recovery 

The  veneer  recovery  volume  for  each  veneer  grade  produced    from  logs  of 
various    diameter  classes  is    requested  often  by  forest  product  industry  repre- 
sentatives.     This   report  provides  this  information  for  red  and  white  fir.      Tables 
3  and  4  show  the    average  veneer  recovery  percentages  by  each  log  grade  for 
logs  and  blocks.      A  more  detailed  description  of  veneer  grade  recovery  by  log 
grade  and  diameter  classes  for  short  logs  is   shown  in  appendix  A,    tables   1  0  to 
14,    and  for  veneer  blocks,    in  appendix  B,    tables   25  to  29. 

The  actual    or  uncurved  distributions  of  veneer  grade  percentages  by 
diameter  classes  in  appendix  A  and  appendix  B  are  presented  as   regressions 
in  figures  8  and  9.      A  detailed  discussion  of  all  appendix  tables  is  not  justified. 
However,    the   regression  curves  point  up  obvious   grade   recovery  information. 
For  short  logs,    the  volume  of  B  patch  and  better  veneer  recovered  was  only 
slightly  over  1   percent,    regardless  of  the  grade.      The  percentage  of  C  veneer 
was  nearly  as  high  for  grade  3  as  for  grade   2  (  56.  4  and  59.  2  percent,    respec- 
tively).      Of  all  veneer  from    grade  4  logs,    83  percent  was   grade  D;  21   percent 
of  the  veneer  from  grade   1    logs  was  grade  D;  for    all  short  logs  in  the   study, 
51  .  3    percent  of  the    veneer  product  was  grade    D. 

The  individual  veneer  blocks  present  a  similar  pattern  of  veneer  grade 
recovery.      The  percentage  of  C  veneer  decreases  in  rather  uniform  increments 
from  grade  1   to  3  (table  4).      However,    it  then  drops   sharply  from  46.  1   to  10.  5 
percent    for  grade  4.      Both  short  logs  and  blocks  had  a  similar  C  plug  veneer 
grade  recovery.      Short  log  grades   1   and  2  recovered  18.  1    and  16.  0  percent  of 
C  plug,    and  grades   3  and  4  recovered  5.  5  and   5.  1   percent.      Individual  veneer 
blocks   recovered  20,  9  and  20.  2  percent  of  C  plug  for  grades   1   and  2  but  recovered 
only  8.  3  percent  for  grade  3  and  4.  7  percent  for  grade  4.     These  percentages  are 
summarized  in  tables   3  and  4. 

Veneer  Item  Recovery 

Distribution  of  the  veneer  volume  by  grade  and  item  is   shown  for  short 
logs  in  appendix  A,    tables   1  5  to  19,    and  for  blocks  in  appendix  B,    tables   30  to  34. 
Veneer  thickness  is   shown  for  each  item  size--full  sheets,    half  sheets,    and 
random  width  veneer.      Approximately  33  percent  of  the  volume  from  woods-length 
logs  was  peeled  as   1/10-inch  veneer,    49  percent  as   1/8-inch  veneer,    and  18 
percent  as   3/1  6-inch  veneer. 
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Figure   8. — Recovery  of  veneer  grades  by  log  scaling  diameter 
for   each   log  grade  and  all    logs   combined;   AP  is  A   patch,    BP 
is  B  patch.      For  grades   3  and  4  and  all    grades  combined,   A, 
AP ,    B,   and  BP  are  less   than  1   percent   of  total. 
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A  separate  column  is  included  in  these  tables  for  below  grade  veneer. 
This   represents  veneer  clipped  and  dried  for  use  in  mill-certified  plywood 
panels.      Grade  D  specifications  admit  some  rot  in  the  veneer  sheet.      Some 
of  the  below  grade  veneer  was  produced  from  veneer  with  amounts   of  rot  that 
exceeded  the  grade  D  specification. 

The  green  veneer  full  sheets  were  peeled  and  clipped  to  approximately 
52  ^2    by  101    inches.      The  resulting  dry  veneer  sheet  averaged  slightly  over  51 
by  101   inches. 

Veneer  production  from  individual  blocks  was  almost  equally  divided 
among  the  three  veneer  items:      full  sheets,    34.  1    percent  of  the  volume;  half 
sheets,    34.  2  percent;  and  random  width  strips,    31.  7  percent. 


CONCLUSIONS 

The  veneer  grade  recovery  from  the  mix  of  red  and  white  fir  logs  in  this 
study  was  less  than   1    percent  A  and  B  grade  veneer.      There  was  no  significant 
difference  in  veneer  grade   recovery  between  No.    1    and  No.    2  grade  logs.      How- 
ever,   grade  C  veneer  recovery  ranged  from  59  percent  for  No.    1    logs  to  1  2 
percent  for  No.    4  logs. 

Approximately  55  percent  of  the  cubic  volume  of  the   short  log  or  block 
was   recovered  as  dry,    untrimmed  veneer. 

The  overall  average  veneer  recovery  ratio  was  2.  58  based  on  total  net 
scale  and  total  dry,  untrimmed  veneer.    This  would  be  reduced  by  about  16 
percent  by  losses  in  plywood  production  from  the  dryer  through  panel  trimming. 

A  veneer  mill  can  use  this  information  to  estimate  total  square-foot, 
3/8-inch  basis,    production  from  known  scale  or  cubic  volume  of  logs  or   blocks. 
Veneer  grade  production  can  be  estimated  from  curves  of  grade   recovery. 

The  overlapping  and  similarity  of  veneer  grade  recovery  between  log 
grades  indicates  the  need  for  a  revised  red  and  white  fir  log  grade  or  quality 
estimating  system. 
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APPENDIX  A 
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Table  10.— Veneer  grade  recovery  by  scaling  diameter,  log  grade  1,  red  and  white  fir 


Log 
scaling 

Number 

of 

logs 

Veneer 
volume, 
3/ 8- inch 
basis 

Veneer  grade 

diameter 
(inches) 

A 

A  patch 

B 

B  patch 

C 

C  plug 

D 

Square  feet 

Percent  -   - 

11 
12 

13 
14 
L5 

16 

17 
18 
19 
20 
21 
22 
23 

1 

0 
6 
2 
1 

0 
2 
3 
1 
2 
1 

0 
3 

1  L0 

0 

0 

1) 

0 

50.9 

0 

49.1 

1,288 

562 
449 

0 
0 
0 

0 
0 
0 

(1 

0 

(1 

0 
0 
0 

70.4 
82.2 
78.8 

0 
2.7 

25.2 
17.8 
18.5 

953 
1,821 

729 

1,463 

952 

0 
0 
0 
0 
0 

n 
0 
0 
0 
0 

.2 
0 
0 

1) 
1) 

0 
0 

n 
(i 
n 

82.3 
76.6 
96.3 
84.7 
51.2 

8.7 
7.9 
1.4 
7.6 
47.1 

8.8 
15.5 
2.3 
1  .  i 
1.7 

3,079 

0 

(1 

(1 

0 

79.2 

7.7 

13.1 

24 
25 
26 
27 
28 
29 

() 
5 
1 
1 
1 
0 

5,244 
1,515 
1,559 

1,749 

0 
0 
0 
0 

1) 

0 
0 
0 

(") 

0 

.7 
0 

.7 
0 

ii 
0 

72.1 
56.2 
57.0 
54.4 

8.4 
15.7 
39.4 
43.4 

18.8 

28.1 

2.9 

2.2 

30 
31 
32 
33 
34 
35 
36 
37 
38 

0 
4 

1 

1 
1 
1 
2 
0 
0 

5,875 
2,211 
2,092 
2,192 
2,458 
5,401 

0 
0 
0 
0 
0 
0 

0 

1) 

0 
0 
0 
0 

.1 

3.0 
4.1 
0 

0 
0 

II 
II 

0 
0 

1.5 
3.3 

62.0 
19.4 
58.9 
12.4 
44.6 
37.4 

5.0 
50.4 
31.2 
15.2 
27.4 
38.9 

32.9 
27.2 
5.8 
72.4 
26.5 
20.4 

39 
40 

41 
42 
43 
44 

0 

II 

2 

1 
1 
0 

7,208 
3,970 
4,086 

u 
0 
0 

0 
0 
0 

.2 

0 
0 

4.1 
0 

n 

63.3 
68.4 
97.2 

12.0 

13.6 

0 

20.4 

18.0 

2.8 

45 
46 
47 
48 

0 

l 
0 

1 

4,129 

0 

0 

0 

0 

25.6 

28.4 

46.0 

4,178 

0 

0 

0 

3.1 

55.6 

21.6 

19.7 

Total  or 
average 

46 

65,273 

0 

0 

.3 

1.0 

59.2 

18.1 

21.4 

^3 


Table  1 1  .—Veneer  grade  recovery  by  scaling  diameter,  log  grade  2,  red  and  white  fir 


Log 
scaling 

Number 

of 

logs 

Veneer 
volume , 
3/8-inch 
basis 

Veneer   grade 

diameter 
(inches) 

A 

A  patch 

B 

B   patch 

c 

C  plug 

D 

Square  feet 

■i 

3 

i  9  5 

0 

0 

0 

0 

40.5 

0 

59.5 

10 

i 

513 

0 

0 

0 

0 

49.5 

11.7 

38.8 

11 

2 

378 

0 

0 

0 

0 

83.6 

0 

16.4 

L2 

4 

760 

0 

0 

0 

0 

70.1 

0 

29.9 

1  1 

1 

303 

0 

n 

0 

0 

73.6 

0 

26.4 

1.', 

1 

275 

0 

i) 

0 

0 

83.3 

0 

16.7 

L5 

h 

2,386 

0 

0 

1) 

0 

83.1 

0 

16.9 

16 

5 

2,175 

0 

0 

0 

0 

63.0 

1.4 

35.6 

17 

c. 

2,470 

0 

0 

0 

0 

78.7 

0 

21.3 

18 

4 

2,655 

0 

0 

0 

0 

73.5 

1.4 

25.1 

14 

4 

2,485 

0 

0 

0 

0 

29,1 

18.8 

52.1 

20 

4 

2,432 

I) 

0 

o 

0 

47.1 

7.9 

45.0 

.'1 

1 

878 

0 

o 

0 

0 

55.0 

.8 

44.2 

2:' 

4 

4,411 

0 

0 

0 

I) 

56.9 

8.8 

34.3 

23 

2 

2,383 

0 

0 

1.3 

o 

69.6 

17.7 

11.4 

24 

2 

2,376 

0 

n 

0 

o 

77.5 

8.0 

14.5 

2r> 

2 

1,587 

0 

0 

o 

0 

36.1 

40.8 

23.1 

26 

3 

4,122 

0 

0 

0 

0 

10.6 

17.2 

72.2 

2  7 

1 

3,163 

0 

0 

.3 

0 

58.4 

17.7 

23.6 

2.S 

2 

3,078 

0 

0 

0 

0 

41.2 

2.4 

56.4 

29 

5 

7,863 

0 

o 

(1/) 

0 

65.0 

3.6 

31.4 

30 

i 

5,229 

0 

0 

0 

0 

27.5 

32.2 

40.3 

J] 

3 

4,403 

0 

0 

0 

0 

36.9 

12.1 

51.0 

33 

34 

3 
0 

1 

5,542 

0 

0 

0 

.9 

50.6 

24.4 

24.1 

2,585 

0 

0 

0 

0 

5.9 

17.1 

77.0 

35 

2 

4,639 

0 

0 

o 

o 

37.8 

18.5 

43.7 

u, 

1 

2,441 

0 

0 

0 

0 

95.7 

0 

4.3 

37 

5 

8,446 

0 

0 

(1/) 

0 

38.5 

30.1 

31.4 

38 
}9 

40 
41 

4  2 

3 
0 
4 
0 
2 

7,971 

0 

0 

0~ 

0 

26.3 

24.5 

49.2 

11,234 

0 

0 

0 

0 

36.6 

10.8 

52.6 

5,577 

0 

0 

0 

0 

38.9 

32.9 

28.2 

43 

1 

2,437 

0 

0 

.1 

0 

64.5 

27.9 

7.5 

Total   or 
average 

92 

107,392 

0 

0 

(1/) 

(1/) 

46.4 

16.0 

37.6 

1/ 


Less    than   0.05   percent. 
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Table  12.— Veneer  grade  recovery  by  scaling  diameter,  log  grade  3,  red  and  white  fir 


Log 
scaling 

Number 

of 

logs 

Veneer 
volume, 
3/ 8- inch 
basis 

Veneer   grade 

diameter 
(inches) 

A 

A  patch 

B 

B   patch 

c 

C   plug 

D 

Square  feet 
1 

7 

1 

0 

0 

ii 

n 

100.0 

0 

0 

8 

6 

366 

0 

n 

0 

n 

58.4 

3.3 

38.3 

9 

22 

2,655 

0 

0 

(1/) 

0 

62.6 

1  .6 

35.8 

U) 

28 

4,876 

0 

0 

0 

(i 

54.9 

1.0 

44.1 

1  1 

14 

2,882 

II 

II 

0 

i) 

59.2 

2.0 

38.8 

12 

15 

4,150 

0 

II 

II 

n 

66.1 

0 

33.9 

13 

13 

3,942 

0 

0 

0 

n 

70.2 

1.0 

28.8 

14 

9 

3,184 

II 

II 

(1/) 

n 

78.8 

.8 

20.4 

L5 

12 

4,817 

0 

1) 

0 

ii 

67.8 

1.0 

31.2 

16 

14 

7,773 

0 

11 

II 

0 

69.4 

.5 

30.1 

17 

6 

3,361 

0 

0 

0 

0 

41.8 

7.9 

50.3 

18 

8 

4,743 

.3 

II 

0 

II 

65.4 

2.9 

31.4 

19 

6 

4,389 

0 

0 

II 

II 

58.6 

5.7 

35.7 

20 

7 

5,363 

(1 

II 

II 

0 

69.9 

.6 

29.5 

21 

4 

3,416 

(1 

II 

0 

0 

79.4 

8.6 

12.0 

22 

8 

7,328 

0 

II 

II 

0 

62.8 

9.3 

27.9 

23 

7 

7,585 

II 

II 

0 

II 

28.7 

12.1 

59.2 

24 

1 

1,199 

0 

0 

.2 

1) 

23.4 

0 

76.4 

25 

6 

6,251 

0 

0 

0 

0 

36.2 

26.0 

37.8 

26 

2 

2,836 

0 

1) 

'1 

0 

29.1 

13.3 

57.6 

27 

3 

4,545 

0 

0 

11 

1) 

80.5 

0 

19.5 

28 

1 

1,916 

I) 

(1 

0 

0 

30.9 

0 

69.1 

29 
30 
31 

3 
0 
0 

5,517 

0 

0 

II 

0 

55.4 

1.4 

43.2 

33 

34 

0 
0 

1 

3,526 

0 

0 

0 

0 

17.3 

8.7 

74.0 

Total   or 
average 

200 

96,621 

(1/) 

II 

(1/) 

0 

56.4 

5.5 

38.1 

—       Less    than  0.05   percent. 
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Table  13.— Veneer  grade  recovery  by  scaling  diameter,  log  grade  4,  red  and  white  fir 


Log 
scaling 

Number 

of 

logs 

Veneer 
volume, 
3/8-inch 
basis 

Veneer   grade 

diameter 
(inches) 

A 

A  patch 

B 

B   patch 

c 

C  plug 

D 

Square  feet 

-  -  Percent  - 

9 

1 

72 

0 

0 

0 

0 

18.1 

13.9 

68.0 

10 

3 

395 

0 

(i 

II 

0 

35.2 

0 

64.8 

11 

2 

136 

0 

0 

0 

n 

56.6 

0 

43.4 

12 

3 

464 

0 

0 

0 

(i 

11.2 

0 

88.8 

13 

7 

923 

0 

0 

0 

(i 

13.3 

0 

86.7 

14 

2 

116 

0 

1) 

0 

0 

6.9 

4.3 

88.8 

i  5 

7 

1,130 

0 

0 

0 

(1 

24.0 

1.1 

74.9 

16 

5 

2,335 

0 

II 

II 

0 

8.8 

0 

91.2 

17 

9 

3,979 

0 

(1 

0 

II 

6.2 

0 

93.8 

1 8 

5 

2,106 

0 

II 

0 

0 

18.4 

.3 

81.3 

19 

8 

6,441 

I) 

II 

0 

0 

17.2 

2.8 

80.0 

20 

/ 

5,340 

0 

II 

0 

0 

7.2 

3.4 

89.4 

-'1 

5 

3,669 

0 

I) 

.1 

0 

14.9 

.3 

84.7 

22 

6 

3,852 

0 

0 

0 

0 

11.6 

1.6 

86.8 

2  i 

4 

3,755 

0 

II 

1) 

1) 

12.2 

2.9 

84.9 

24 

5 

5,323 

0 

'1 

0 

0 

6.0 

2.4 

91.6 

25 

7 

7,914 

0 

1) 

II 

II 

9.4 

1.0 

89.6 

26 

5 

6,805 

0 

II 

II 

II 

13.4 

3.2 

83.4 

27 

6 

9,905 

II 

II 

II 

II 

9.4 

6.7 

83.9 

28 

3 

4,130 

0 

II 

0 

II 

37.0 

.2 

62.8 

29 

in 

17,173 

0 

II 

(1/) 

II 

10.6 

6.1 

83.3 

SO 

2 

2,611 

II 

II 

0 

1) 

10.1 

1.6 

88.3 

u 

2 

2,909 

II 

II 

II 

11 

6.3 

8.1 

85.6 

32 

4 

6,789 

1) 

11 

0 

II 

8.0 

.2 

91.8 

33 

5 

10,276 

II 

11 

II 

1) 

4.9 

8.6 

86.5 

3A 

1 

2,021 

0 

11 

II 

0 

4.7 

0 

95.3 

35 

2 

4,754 

0 

0 

0 

0 

7.0 

4.5 

88.5 

36 

It 

8,100 

II 

0 

1 .11 

1) 

30.9 

11.6 

56.5 

37 

3 

6,502 

0 

II 

0 

<l 

4.9 

2.8 

92.3 

38 

1 

1,944 

0 

II 

II 

0 

6.6 

0 

93.4 

39 

1 

2,922 

(1 

II 

(1 

II 

9.7 

5.6 

84.7 

40 

1 

3,066 

0 

0 

11 

0 

2.8 

9.0 

88.2 

41 

i) 

— 

-- 

— 

-- 

-- 

— 

— 

— 

42 

1 

2,979 

II 

0 

II 

II 

1.6 

0 

98.4 

43 

1 

3,302 

0 

II 

II 

0 

9.4 

37.0 

53.6 

44 

0 

— 

— 

— 

-- 

— 

— 

-- 

-- 

4r. 

1 

3,484 

0 

0 

0 

(1 

30.0 

18.8 

51.2 

Total   or 

141 

147,622 

II 

0 

.1 

0 

11.8 

5.1 

83.0 

.iVt<  !  .!;,'<' 

1/ 


Less    than  0.05   percent. 
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Table  14.— Veneer  grade  recovery 

by  scaling  diameter,  all  grades, 

red  and 

white  fir  logs 

Log 
scaling 

Number 

of 

logs 

Veneer 
volume, 
3/8-inch 
basis 

Veneer   grade 

diameter 
(inches) 

A 

A  patch 

B 

B   patch 

c 

C  plug 

D 

Square  feet 

-  -  Percent  - 

7 

1 

1 

0 

(i 

0 

ii 

100.0 

0 

0 

8 

6 

366 

0 

0 

0 

(i 

58.4 

3.3 

38.3 

9 

26 

2,922 

0 

0 

(1/) 

n 

60.0 

1.8 

38.2 

LO 

34 

5,784 

0 

0 

0 

n 

53.1 

1.9 

45.0 

11 

19 

3,506 

0 

0 

0 

0 

61.3 

1.7 

37.0 

12 

24 

5,374 

1) 

0 

0 

0 

61.9 

0 

38.1 

1  ! 

29 

6,456 

0 

II 

0 

0 

62.2 

1.5 

36.3 

14 

14 

4,137 

0 

0 

(1/) 

0 

77.5 

.7 

21.8 

15 

26 

8,782 

0 

(1 

0 

II 

66.9 

.8 

32.3 

16 

24 

12,283 

1) 

0 

0 

II 

56.8 

.5 

42.7 

17 

22 

10,763 

0 

0 

(1/) 

0 

40.6 

3.2 

56.2 

L8 

20 

11,325 

.1 

0 

0 

0 

60.5 

2.8 

36.6 

19 

19 

14,044 

0 

II 

1) 

0 

36.4 

6.4 

57.2 

20 

20 

14,598 

0 

0 

0 

0 

44.7 

3.6 

51.7 

21 

11 

8,915 

0 

0 

(1/) 

I.I 

47.6 

8.5 

43.9 

22 

18 

15,591 

0 

0 

0 

0 

48.5 

7.2 

44.3 

L6 

16,802 

0 

0 

.2 

0 

40.1 

10.0 

49.7 

24 

8 

8,898 

0 

0 

(1/) 

0 

27.4 

3.6 

69.0 

25 

20 

20,996 

0 

0 

0 

.2 

35.1 

13.3 

51.4 

26 

1  1 

15,278 

0 

0 

0 

0 

19.8 

10.1 

70.1 

27 

13 

19,172 

0 

0 

.1 

0 

38.2 

9.6 

52.1 

•  8 

7 

10,873 

0 

II 

0 

0 

39.9 

7.8 

52.3 

29 

18 

30,553 

0 

0 

(1/) 

0 

32.7 

4.6 

62.7 

30 

5 

7,840 

0 

0 

0 

I) 

21.7 

22.0 

56.3 

31 

'» 

13,187 

0 

0 

(1/) 

0 

41.3 

8.0 

50.7 

32 

8 

14,542 

1) 

0 

.5 

.3 

26.0 

17.1 

56.1 

33 

6 

12,368 

0 

0 

.7 

0 

14.0 

12.5 

72.8 

34 

5 

10,324 

1) 

0 

0 

0 

10.9 

10.5 

78.6 

35 

5 

11,851 

0 

II 

0 

.3 

26.9 

14.8 

58.0 

36 

7 

15,942 

0 

0 

.5 

1.1 

43.1 

19.1 

36.2 

37 

6 

14,948 

0 

II 

(1/) 

0 

23.9 

18.2 

57.9 

w 

4 

9,915 

0 

II 

0 

0 

22.5 

19.7 

57.8 

19 

1 

2,922 

0 

0 

0 

ii 

9.7 

5.6 

84.7 

40 

5 

14,300 

0 

0 

0 

0 

29.3 

10.4 

60.3 

41 

2 

7,208 

0 

0 

.2 

4.1 

63.3 

12.0 

20.4 

42 

4 

12,526 

0 

0 

0 

0 

39.4 

19.0 

41.6 

43 
44 
45 

3 
0 

1 

9,825 

0 

1) 

(1/) 

') 

59.6 

19.3 

21.1 

3,484 

0 

0 

0 

0 

30.0 

18.8 

51.2 

47 
48 

1 
0 

1 

4,129 

0 

0 

0 

(1 

25.6 

28.4 

46.0 

4,178 

0 

0 

0 

3.1 

55.6 

21.6 

19.7 

Total   or 
average 

479 

416,908 

(1/) 

0 

.1 

.2 

38.4 

10.0 

51.3 

1/ 


Less    than  0.05   percent. 
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The  mission  of  the  PACIFIC  NORTHWEST  FOREST 
AND  RANGE  EXPERIMENT  STATION  is  to  provide  the 
knowledge,  technology,  and  alternatives  for  present  and 
future  protection,  management,  and  use  of  forest,  range,  and 
related  environments. 

Within  this  overall  mission,  the  Station  conducts  and 
stimulates  research  to  facilitate  and  to  accelerate  progress 
toward  the  following  goals: 

1.  Providing  safe  and  efficient  technology  for  inventory, 
protection,  and  use  of  resources. 

2.  Development  and  evaluation  of  alternative  methods 
and  levels  of  resource  management. 

3.  Achievement  of  optimum  sustained  resource  produc- 
tivity consistent  with  maintaining  a  high  quality  forest 
environment. 

The  area  of  research  encompasses  Oregon,  Washington, 
Alaska,  and,  in  some  cases,  California,  Hawaii,  the  Western 
States,  and  the  Nation.  Results  of  the  research  will  be  made 
available  promptly.  Project  headquarters  are  at: 

Fairbanks,  Alaska  Portland,  Oregon 

Juneau,  Alaska  Olympia,  Washington 

Bend,  Oregon  Seattle,  Washington 

Corvallis,  Oregon  Wenatchee,  Washington 
La  Grande,  Oregon 


Mailing  address:    Pacific  Norlnwest  Forest  and  Range 
Experiment  Station 
P.O.  Box  3141 
Portland,  Oregon  97208 

GPO   990-367 


The  FOREST  SERVICE  of  the  U.  S.  Department  of  Agriculture 
is  dedicated  to  the  principle  of  multiple  use  management  of  the 
Nation's  forest  resources  for  sustained  yields  of  wood,  water, 
forage,  wildlife,  and  recreation.  Through  forestry  research,  co- 
operation with  the  States  and  private  forest  owners,  and  man- 
agement of  the  National  Forests  and  National  Grasslands,  it 
strives  —  as  directed  by  Congress  —  to  provide  increasingly  greater 
service  to  a  growing  Nation. 
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OLIAGE  SPRAYS 

or  Site  Preparation  And  Release 

rom  Six  Coastal  Brush  Species 
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ABSTRACT 

Fifteen  herbicides  or  combinations  of  herbicides  were  tested 
as  ground- applied  foliage  sprays  on  red  alder,    salmonberry, 
western  thimbleberry,   vine  maple,    California  hazel,    and  salal. 
Picloram  produced  the  best  overall  control  of  the  six  species, 
although  not  even  picloram  produced  acceptable  control  of  salal. 
Foliage  sprays  of  2,4,  5-T  were  effective  on  all  species  except 
salal.    Herbicides  were  generally  more  effective  when  applied  in 
late  spring  than  in  midsummer.    However,  adequate  control  for 
release  of  conifers  can  be  obtained  with  midsummer  sprays  of 
2, 4, 5-T  on  red  alder,    salmonberry,    and  western  thimbleberry. 
Herbicidal  treatments  suitable  for  conifer  release  and  site 
preparation  are  recommended  for  each  species. 

KEYWORDS:    Herbicide  applications,  brush  control, 
Coniferae,  silviculture. 


Mention  of  product  or  company  does  not  imply  endorsement 
by  U.  S.   Department  of  Agriculture. 


Abbreviations  used  in  the  text  are: 
ae  is  acid  equivalent. 

aehg  is  weight  of  parent  material  mixed  in  100  gallons  of 
solution  (acid  equivalent  per  100  gallons). 
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PESTICIDE    PRECAUTIONARY    STATEMENT 

Pesticides  used  improperly  can  be  injurious  to  man,  animals, 
and  plants.     Follow  the  directions  and  heed  all  precautions  on  the 
labels. 

Store  pesticides  in  original  containers  under  lock  and  key — out 
of  reach  of  children  and  animals — and  away  from  food  and  feed. 

Apply  pesticides  so  that  they  do  not  endanger  humans,  livestock, 
crops,  beneficial  insects,  fish,   and  wildlife.     Do  not  apply  pesticides 
when  there  is  danger  of  drift,  when  honey  bees  or  other  pollinating 
insects  are  visiting  plants,  or  in  ways  that  may  contaminate  water  or 
leave  illegal  residues. 

Avoid  prolonged  inhalation  of  pesticide  sprays  or  dusts;  wear 
protective  clothing  and  equipment  if  specified  on  the  container. 

If  your  hands  become  contaminated  with  a  pesticide,  do  not  eat 
or  drink  until  you  have  washed.     In  case  a  pesticide  is  swallowed  or 
gets  in  the  eyes,  follow  the  first-aid  treatment  given  on  the  label, 
and  get  prompt  medical  attention.     If  a  pesticide  is  spilled  on  your 
skin  or  clothing,  remove  clothing  immediately  and  wash  skin  thoroughly. 

Do  not  clean  spray  equipment  or  dump  excess  spray  material  near 
ponds,  streams,  or  wells.     Because  it  is  difficult  to  remove  all  traces 
of  herbicides  from  equipment,  do  not  use  the  same  equipment  for 
insecticides  or  fungicides  that  you  use  for  herbicides. 

Dispose  of  empty  pesticide  containers  promptly.     Have  them 
buried  at  a  sanitary  land-fill  dump,  or  crush  and  bury  them  in  a  level, 
isolated  place. 

NOTE:    Some  States  have  restrictions  on  the  use  of  certain  pesticides. 
Check  your  State  and  local  regulations.    Also,  because  registrations 
of  pesticides  are  under  constant  review  by  the  Federal  Environmental 
Protection  Agency,  consult  your  county  agricultural  agent  or  State 
extension  specialist  to  be  sure  the  intended  use  is  still  registered. 


POU.OW  TM  LAHL 


Herbicides  have  been  used  as  a  silvicultural  tool  in  management  of  coastal 
Oregon  and  Washington  forests  for  over  a  decade.     Despite  common  acceptance  of 
these  tools,  published  information  on  response  of  coastal  species  to  herbicides  is 
extremely  limited.     Treatments  recommended  for  conifer  release  and  site  prepara- 
tion are  frequently  based  on  empirical  trials  rather  than  on  results  of  controlled 
experiments.    Such  trials  by  foresters  have  resulted  in  the  development  of  many 
useful  treatments  (Lauterbach  1961),  but  more  precise  information  is  needed  to 
refine  and  improve  these  treatments. 

For  example,  amitrole-T  and  2,4,  5-T  are  recommended  for  salmonberry 
control,  yet  there  is  little  information  to  support  this  recommendation.     Studies  on 
salmonberry  (Krygier  and  Ruth  1961,  Gratkowski  1971)  and  western  thimbleberry 
(Gratkowski  1971)  showed  foliage  sprays  of  2,4,  5-T  to  be  effective  on  both  species. 
Although  Finnis  (1964)  briefly  reported  that  amitrole-T,  dicamba,   and  2, 4,  5-T  were 
promising  herbicides,  the  basis  for  selection  of  amitrole-T  as  the  recommended 
treatment  for  salmonberry  is  impossible  to  find  in  published  reports.    There  are 
few  studies  on  species  other  than  salmonberry.     Finnis  (1967)  found  picloram  and 
picloram  plus  2,4-D  to  be  effective  as  foliage  sprays  on  vine  maple.    Rediske  (1961) 
compared  a  number  of  herbicides  on  Coast  Range  species.     His  results  show  2,4,  5-T 
to  be  effective  on  several  shrub  and  weed  tree  species.    Other  than  trials  by  Finnis 
(1964,   1967)  and  Gratkowski  (1971),  effects  of  combinations  of  herbicides  or  herbi- 
cides other  than  phenoxyacetic  acids  have  not  been  reported. 

Without  specific  knowledge  concerning  response  of  individual  species  to  par- 
ticular herbicides,  the  forester's  ability  to  prescribe  treatments  is  limited.     He 
may  not  be  able  to  explain  variations  in  observed  results  nor  predict  which  species 
will  be  resistant  to  the  selected  treatment.     Further,  in  the  absence  of  screening 
trials,  the  forester  may  not  be  able  to  recognize  nor  effectively  use  new  herbicidal 
treatments  except  by  costly  trial  and  error. 

The  screening  tests  reported  here  are  an  initial  step  toward  solution  of  these 
problems.     The  results  provide  a  sound  basis  for  the  development  of  herbicidal 
treatments  to  control  coastal  brush  species. 

METHODS 

Tests  were  started  in  1970  to  determine  the  effects  of  various  herbicides  and 
combinations  of  herbicides  as  foliage  sprays  on  six  brush  species  found  in  the  Coast 
Ranges  of  Oregon  and  Washington.    All  six  species  are  major  competitors  in  forest 
plantations  and  are  commonly  associated  in  coastal  brushfields.     Vigorous  plants  in 
recent  clearcuts  near  Coos  Bay  or  in  nonstocked  brushfields  near  Nashville  in  the 
Oregon  Coast  Ranges  were  selected  for  treatment  (fig.   1).     The  species  were: 

Red  alder  Alnus  rubra 

Salmonberry  Rubus  speotabilis 

Western  thimbleberry  Rubus  parviflorus 

Vine  maple  Acer  ciroinatum 

California  hazel  Corylus  aornuta  call formica 

Salal  Gaultheria  shallon 


Herbicides  were  applied  with  knapsack  sprayers  during  late  spring  and  mid- 
summer to  learn  if  there  are  differences  in  response  between  early  and  late  stages 
of  the  growing  season.    Each  treatment  was  sprayed  to  drip  point  on  10  individual 
plants  of  each  species  except  salal.    Salal  was  sprayed  on  an  area  basis  by  applying 
treatments  in  a  carrier  volume  equivalent  to  200  gallons  per  acre  on  ten  1/1,000- 
acre  plots. 

Fifteen  herbicides  and  combinations  of  herbicides  were  selected  for  study. 
Similar  treatments  were  applied  on  commonly  associated  species  such  as  salmon- 
berry  and  western  thimbleberry  or  vine  maple  and  California  hazel.    Herbicides 
were  usually  applied  in  water  carriers,  although  a  3-percent  black  diesel  oil-in-water 
emulsion  was  used  with  2,4,  5-T  on  salmonberry,  western  thimbleberry,  and  salal. 
Herbicides  and  combinations  tested  were: 


Common  name  [chemical  name] 

(1)  2,4-D  [2,4-dichlorophenoxy  acetic  acid] 

(2)  2, 4,  5-T  [2,4,5-trichlorophenoxyacetic  acid] 

(3)  Silvex  [2-(2,4,5-trichlorophenoxy) 

propionic  acid] 

(4)  Amitrole-T  [3-amino-l,2,4-triazole 

plus  NH4SCN] 

(5)  MSMA  [monosodium  methane- arsonate] 

(6)  Picloram  [4-amino-3,  5,  6-trichlorpicolinic  acid] 

(7)  Dicamba  [3,  6-dichloro-o- anisic  acid] 

(8)  Bromacil  [5-bromo-3-sec- 

butyl-6-methyluracil] 

(9)  MSMA  +  2,4-D 

(10)  MSMA  +  2, 4, 5-T 

(11)  MSMA  +  amitrole-T 

(12)  Dicamba  +  2,4-D 

(13)  Dicamba  +  2, 4, 5-T 

(14)  2,4-D  +  dichlorprop  [2- (2,4-dichlorophenoxy) 

propionic  acid] 

(15)  2,4-D  +  dichlorprop  +  2,3,6- TBA 

[2,  3,  6-trichlorobenzoic  acid] 


Formulation 

Propylene  glycol  butyl 
ether  ester  (PGBE)J/ 

PGBE  ester*/ 
PGBE  esterl/ 

Water-soluble  liquid?/ 

Water-soluble  acid?-/ 
Potassium  salt!/ 
Dimethylamine  salt3./ 

Lithium  salt!/ 

(5)  +  (1) 

(5)  +  (2) 

(5)  +  (4) 

(7)  +(D 

(7)  +(2) 

Butoxyethanol  esters 
(BEE)?/ 

Dimethyl-  and  triethanol- 
amine  salts?./ 


Test  samples  provided  by: 

.1/  The  Dow  Chemical  Company 

2/  Amchem  Products,   Inc. 

3/  Velsicol  Chemical  Company 

4/  E.   I.  DuPont  de  Nemours  and  Company, 


Figure  1. — Vigorous  plants 
such  as  this  vine  maple 
were  treated  with  knap- 
sack sprayers . 


Herbicides  such  as  2, 4-D,  2,4,5-T,  silvex,  amitrole-T,  MSMA,  and 
combinations  of  these  are  known  to  be  selective  at  certain  rates  and  stages  of  plant 
development.    These  were  tested  for  possible  use  as  release  sprays  for  conifers. 
Less  selective  herbicides  such  as  picloram,  dicamba,  and  bromacil  were  tested 
for  use  in  site  preparation  sprays. 

Plants  were  examined  during  September  of  1971,   16  months  after  the  early 
sprays  and  13  months  after  the  late  sprays  were  applied.     Topkill,  number  and 
size  of  basal  sprouts,  and  number  of  dead  plants  (complete  topkill  with  no  resprout- 
ing)  were  recorded.     Many  salmonberry,  western  thimbleberry,  vine  maple,  and 
California  hazel  plants  were  not  completely  topkilled  but  had  few  or  no  resprouts. 
Therefore,  treated  plants  of  these  four  species  were  reexamined  in  June  of  1972 
to  determine  the  degree  of  recovery.     Any  plant  with  complete  crown  kill  and  no 
resprouts  by  the  third  growing  season  was  considered  dead. 


EFFECTS  OF  HERBICIDES  ON  SPECIFIC  SPECIES 

Topkill,  plant  kill,  and  number  and  size  of  basal  sprouts  are  tabulated  for 
each  species.     In  addition,  results  of  selected  treatments  are  briefly  discussed, 
and  a  summary  table  of  the  best  treatments  for  each  species  is  provided. 

In  the  discussion  and  tables  that  follow,  the  terms  early  and  late  are  used 
to  designate  treatment  dates.    These  terms  were  selected  for  convenience  only 
and  correspond  to  the  early  foliar  and  midsummer  spray  seasons,  respectively. 


Red  Alder 

Red  alder  plants  were  sprayed  on  May  25  (early  treatment),  when  stems 
were  actively  growing  and  three-quarters  of  the  leaves  were  fully  expanded.    The 
late  application  was  made  on  July  28,  when  older  leaves  were  mature  but  secondary 
growth  flushes  were  beginning. 

Red  alder  was  highly  susceptible  to  11  of  the  12  treatments  tested,  MSMA 
being  the  only  exception  (table  1).     Combinations  of  herbicides  were  no  more 
effective  than  herbicides  applied  singly.     Timing  of  application  for  good  control 
was  not  critical;  early  and  late  applications  were  equally  effective.    By  the  end 
of  the  second  growing  season,  most  dead  plants  were  uprooted  and  lying  on  the 
ground  (fig.  2). 

An  early  application  of  2,4-D  is  often  recommended  for  releasing  conifers 
from  red  alder  if  conifers  are  shielded  from  spray  by  the  alder  foliage.    However, 
conifers  are  actively  growing  during  this  period  and  may  be  damaged  by  sprays 
if  exposed.    In  contrast,  conifers  are  more  resistant  by  midsummer  after  growth 
ceases  and  buds  are  set  (Gratkowski  1961).    Results  from  this  study  suggest  that 
late  foliage  sprays  of    either  2,4-D  or  2,4,  5-T  at  2  lb  ae  per  acre 
applied  in  a  water  carrier  will  produce  good  control  of  red  alder  with  minimum 
damage  to  conifers.     Early  or  late  applications  of  either  herbicide  should  be 
effective  for  site  preparation  in  pure  red  alder  brush  types.     These  herbicides 
are  also  more  selective  and  less  expensive  than  the  others  tested. 


Figure   2. — This   red  alder  had  fallen 
by   the  end  of  the  second  simmer 
after   treatment. 


Table   1 .--Effects  of  herbicides  on  red  alder 


Treatment 

Topkill 

Plant,, 
ki  1 1-' 

Basal  sprouts 

Herbicide- 

Rate      ,. 
(lb.  aehg)    Time 

Plants  with 
sprouts 

Average 
number 

Average 
height 

— Percent — 

2,4-D 

1 
3 

early 
late 
early 
late 

100 
100 
100 
100 

100 
100 
100 
100 

0 
0 
0 
0 

2,4,5-T 

1 
3 

early 
late 
early 
late 

100 
100 
100 

93 

100 
100 
100 

90 

0 
0 
0 
0 

MSMA 

2.2 

early 
late 

32 
99 

20 
80 

30 
20 

Pi cl oram 

1 

early 
late 

100 
100 

100 
100 

0 
0 

Dicamba 

1 

early 
late 

100 
100 

100 
100 

0 
0 

MSMA  +2,4 

■D 

2.2  +  1 

early 
late 

100 
100 

100 
100 

0 
0 

MSMA  +2,4 

,5-T 

2.2  +  1 

early 
late 

100 
100 

100 
100 

0 
0 

Dicamba  + 
2,4-D 

1  +  1 

early 
late 

100 
100 

100 
100 

0 

0 

2,4-D  + 

dichlorprop 

1  +  1 

early 
late 

100 
100 

100 
100 

0 
0 

2,4-D  + 
dichlorprop 

1+1  +  3/4 

early 
late 

93 
100 

90 
100 

10 
0 

+   2,3,6-TBA 


Inches 


14 
5 


26 
22 


10 


16 


1/ 
2/ 


All   herbicides  applied  in  water  carriers. 
Plants  dead  at  end  of  second  growing  season. 


Salmonberry 

Late  spring  salmonberry  treatments  were  applied  on  May  20  (early  treatment), 
when  three-quarters  of  the  leaves  were  fully  developed  and  berries  were  forming. 
Shoot  growth  had  ceased  and  berries  were  falling  by  August  4,  the  late  application 
date. 

Herbicides  applied  alone  were  generally  at  least  as  effective  as  the  various 
combinations  tested  (table  2).    A  combination  of  0.6  lb  each  per  acre  of  MSMA  plus 

2  or  3  lb  amitrole-T  has  been  used  in  aerial  sprays  to  control  salmonberry.    This 
study  suggests  that  higher  rates  of  MSMA  do  not  increase  effectiveness  of  amitrole-T. 
In  fact,  a  late  spring  application  of  2.2  lb  of  MSMA  produced  results  equivalent  to 

3  lb  of  amitrole-T. 

Of  the  10  herbicides  and  combinations  tested,  picloram,  amitrole-T,  and 
2,4,5-T  were  the  most  effective.    Seasonal  differences  were  not  pronounced  with 
2,4, 5-T,  but  picloram  was  most  effective  as  a  late  spray  and  amitrole-T  as  an 
early  spray. 

Both  rates  of  amitrole-T  produced  acceptable  plant  kill;  however,  the  low  degree 
of  topkill  reflects  the  variation  in  results.    Live  plants  stem-sprouted  profusely  and 
crowns  had  returned  to  pretreatment  foliage  densities  by  the  end  of  the  second  grow- 
ing season.    Amitrole-T  also  resulted  in  a  very  erratic  pattern  of  basal  sprouting, 
with  a  complete  reversal  in  sprout  response  between  early  and  late  season  applications 
for  the  two  rates  tested.    In  addition,  numbers  of  basal  sprouts  on  live  shrubs  were 
nearly  equal  to  the  original  number  of  stems.     For  ground  sprays,  the  slight  additional 
control  produced  by  the  higher  rate  of  amitrole-T  would  not  justify  the  increased 
chemical  cost. 

In  contrast  to  amitrole-T,  effects  of  picloram  and  2,4,5-T  sprays  were  fully 
developed  by  the  end  of  the  second  growing  season.    Both  herbicides  produced  com- 
plete topkill  with  limited  basal  sprouting  (fig.   3).     Sprouts  had  not  attained  the 
original  crown  height  by  late  spring  of  the  third  growing  season. 

Early  season  sprays  of  2  lb  ae  per  acre  of  2,4,5-T  in  a  water  carrier  can  be 
used  to  release  conifers  if  trees  are  adequately  protected  from  direct  application  by 
the  salmonberry  canopy.     For  late  season  sprays,  experience  on  the  Siuslaw  National 
Forest  indicates  that  herbicidal  rate  should  be  increased  to  3  lb  ae  per  acre.     The 
spray  should  be  applied  in  an  oil-in-water  emulsion  containing  one-half  gallon  of 
diesel  oil  per  acre  to  increase  herbicidal  penetration  into  mature  salmonberry  leaves. 

For  site  preparation,  3  lb  ae  per  acre  of  2,4,5-T  in  an  oil-in-water  emulsion 
containing  1/2  to  3/4  gallon  of  diesel  oil  per  acre  will  produce  good  control  of 
salmonberry  if  applied  early  in  the  season  when  salmonberry  shrubs  are  actively 
growing.     Better  control  can  be  obtained  with  foliage  sprays  of  picloram.    Aerial 
applications  of  picloram  in  combination  with  2,4,5-T  are  being  evaluated. 


Table  2. --Effects  of  herbicides  on  salmonberry 


Treatment 

Topkill 

Plant-, 
kill-' 

Basal  sprouts 

Herbicide- 

Rate 
(lb.  aehg) 

Time 

Plants  with 
sprouts 

Average 
number 

Average 
height 

2,4,5-T 
Ami trole-T 

MS  MA 

Picloram 

Dicamba 


MSMA  + 

ami trole-T 

Dicamba  + 
2,4,5-T 

2,4-D  + 

dichlorprop 


1 
3 

2.2 

1 

1 

3 


MSMA  +  2,4,5-T    2.2  +  1 


2.2  +  1 


1  +  1 


1  +  1 


2,4-D  +       1+1+3/4 
dichlorprop 
+  2,3,6-TBA 


early 
late 

100 

99 

50 
40 

early 
late 
early 
late 

6? 
41 
74 
58 

70 
70 
80 
70 

early 
late 

74 
43 

70 
10 

early 
late 

100 
100 

70 
100 

early 
late 
early 
late 

43 
27 
61 
59 

0 

10 
20 

0 

early 
late 

98 
77 

40 
10 

early 
late 

77 

45 

70 
30 

early 
late 

81 

86 

20 
0 

early 
late 

92 
31 

10 
0 

early 
late 

69 
38 

20 
0 

40 
30 

10 
0 
0 

20 

0 
50 

20 
0 

40 
10 
30 
50 

60 
60 

0 
40 

50 
40 

80 
30 

40 
40 


Inches 

20 
21 

10 


26 

23 


34 

32 
25 

29 

28 
19 


17 

24 
29 

20 
31 

18 
26 


—  All  herbicides  applied  in  water  carriers  except  2,4,5-T  which  was  applied 
in  a  3-percent  oil-in-water  emulsion. 

2/ 

-  Plants  dead  at  beginning  of  third  growing  season. 


Figure    3. — Basal   sprouts  on 
live  salmonberry  shrubs 
were   limited  in  number 
and  size   24  months   after 
spraying  with    2,4,5-T. 


Western  Thimbleberry 

Late  spring  western  thimbleberry  treatments  were  applied  on  May  20  (early 
treatment)  when  three-quarters  of  the  leaves  were  fully  developed  and  flowers  were 
beginning  to  open.    By  midsummer,  August  4  (late),  growth  had  ceased  and  berries 
were  mature  and  firm. 

Herbicides  applied  alone  were  at  least  as  effective  as  the  various  combinations 
tested  (table  3).    Only  foliage  sprays  of  picloram  and  2,4,5-T  produced  acceptable 
topkill  and  control  of  resprouting  on  western  thimbleberry.    Seasonal  differences 
were  not  pronounced,  although  picloram  was  slightly  more  effective  in  midsummer. 

Salmonberry  and  western  thimbleberry,  common  associates  on  disturbed 
sites,  respond  in  a  similar  manner  to  picloram  and  2,4,5-T.    This  similarity  was 
previously  reported  by  Gratkowski  (1971)  who  also  noted  the  ineffectiveness  of 
amitrole-T  on  thimbleberry.     Observations  of  aerial  spray  results  by  silviculturists 
emphasize  the  importance  of  this  difference.     Use  of  amitrole-T  to  control  salmon- 
berry  may  convert  sprayed  areas  to  western  thimbleberry  within  a  few  years  after 
spraying. 

Where  western  thimbleberry  is  an  important  associate  of  salmonberry,  use 
of  2,4,5-T  is  recommended  for  releasing  conifers.    Application  rates  and  timing 
should  be  the  same  as  those  suggested  for  salmonberry  control.     Either  2,4,5-T 
or  picloram  may  be  used  in  site  preparation  sprays. 


Table  3. --Effects  of  herbicides  on  western  thirribleberry 


Treatment 

Topkill 

Plant,, 
kill-7 

Basal 

sprouts 

Herbicide— 

Rate 
(lb.   aehg) 

Time 

Plants  with 
sprouts 

Average 
number 

Average 
height 

Inches 

22 
15 

2,4,5-T 

3 

early 
late 

100 

99 

50 
60 

40 
40 

4 
3 

Ami trole-T 

1 
3 

early 
late 
early 
late 

84 
51 
90 
80 

10 

0 

20 

0 

90 

50 
60 
70 

6 
11 

7 
8 

17 

28 
17 
17 

MSMA 

2.2 

early 
late 

92 

92 

10 

30 

70 
60 

6 
5 

26 

29 

Pi cl oram 

1 

early 
late 

100 
100 

70 
80 

20 
0 

3 

0 

35 
0 

Dicamba 

1 
3 

early 
late 
early 
late 

81 

59 
76 
92 

0 
0 

20 
0 

60 
55 
60 
90 

2 
1 
8 
5 

32 
25 
29 
18 

MSMA  +   2,4,5-T 

2 

2  +   1 

early 
late 

100 

93 

40 
20 

60 
70 

7 
7 

18 
24 

MSMA  + 

ami trole-T 

2 

2  +   1 

early 
late 

99 

84 

10 
10 

90 
70 

7 

7 

25 
24 

Dicamba  + 
2,4,5-T 

1    +   1 

early 
late 

99 

89 

60 
0 

30 
70 

3 
6 

18 
30 

2,4-D  + 

dichl orprop 

1    +   1 

early 
late 

90 
87 

20 
10 

60 
70 

5 

4 

25 
26 

2,4-D  +                  1 
dichlorprop 
+  2,3,6-TBA 

+ 

1    +   3/4 

early 
late 

96 
71 

10 
10 

60 
40 

? 
3 

19 
22 

-  All   herbicides  applied  in  water  carriers  except  2,4,5-T  which  was  applied 
in  a   3-percent  oil-in-water  emulsion. 

2/ 

-  Plants  dead  at  beginning  of  third  growing  season. 


Vine  Maple 

Vine  maple  shrubs  were  sprayed  on  June  3  (early  treatment)  and  July  29  (late 
treatment).    In  early  June,  three-quarters  of  the  leaves  were  fully  developed,  twigs 
were  actively  growing,  and  plants  varied  from  full  bloom  to  early  samara  develop- 
ment.   By  late  July,  new  growth  was  woody  and  samaras  were  mature. 

Of  the  nine  herbicides  and  combinations  tested,  only  high  rates  of  picloram, 
2,4, 5-T,  and  silvex  produced  acceptable  control  (table  4).    All  three  were  more 
effective  in  late  spring  than  in  midsummer,  but  best  long-term  control  of  vine  maple 
in  this  test  was  obtained  with  an  early  foliar  spray  of  2  lb  aehg  of  picloram. 
Finnis  (1967)  also  found  picloram  to  be  effective  as  a  foliage  spray.    Plants  killed 
by  picloram  broke  at  the  root  collar  during  the  second  winter  after  treatment 
(fig.  4). 

MSMA  increased  the  effect  of  a  1  lb  aehg  spray  of  2, 4, 5-T  on  vine  maple. 
However,  results  were  no  better  than  those  obtained  with  3  lb  aehg  of  2, 4, 5-T  and 
probably  less  than  those  obtained  with  bud-break  aerial  sprays  of  2, 4,  5-T  applied 
in  a  diesel  oil  carrier. 

Bud-break  sprays  of  2, 4, 5-T  at  2  lb  ae  per  acre  in  an  oil  carrier  are  presently 
recommended  for  vine  maple  control.     This  treatment  is  more  effective  on  vine 
maple  and  less  damaging  to  conifers  than  early  foliar  sprays.     However,  results 
from  this  study  suggest  that  control  adequate  for  conifer  release  can  be  obtained 
with  early  foliar  sprays  of  3  lb  per  acre  of  2, 4, 5-T  or  silvex  if  conifers  are  protected 
from  direct  application.     For  site  preparation,  best  control  can  be  obtained  with 
picloram  if  applied  after  full  leaf  development  while  vine  maple  shrubs  are  actively 
growing. 


Figure   4.  —  Vine  maple  shrubs  killed 
by  picloram  broke  during  the 
second  winter  after  treatment. 


LO 


Table  4. --Ef feats  of  herbicides  on  vine  maple 


Treatment 

Topkill 

Plant9/ 
kill-7 

Basal  sprouts 

Herbicide- 

Rate 
(lb.  aehg) 

Time 

Plants  with 
sprouts 

Average 
number 

Average 
height 

2,4,5-T 


Si  1  vex 


MS  MA 


Picloram 


Dicamba 


1 
3 

1 
3 

2.2 


MSMA  +   2,4,5-T       2.2   +   1 


Dicamba  +  1+1 

2,4,5-T 

2,4-D  +  1+1 

dichlorprop 

2,4-D  +  1+1+3/4 

dichlorprop 
+  2,3,6-TBA 


early 
late 
early 
late 

34 
58 

95 
85 

early 
late 
early 
late 

44 
62 
80 
70 

early 
late 

68 

79 

early 
late 
early 
late 

71 
5b 
96 
76 

early 
late 

2 

2 

early 
late 

85 
78 

early 
late 

55 
39 

early 
late 

30 
21 

early 
late 

8 
9 

Percent — 

0 

0 

0 

0 

50 

14 

40 

40 

15 

30 

90 

9 

10 

0 

0 

0 

80 

10 

30 

30 

21 

30 

80 

7 

20 

10 

25 

20 

60 

12 

40 

10 

4 

30 

20 

18 

80 

10 

3 

40 

10 

17 

0 

0 

0 

0 

0 

0 

30 

40 

20 

30 

40 

23 

30 

10 

13 

10 

30 

17 

0 

20 

13 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Inches 

0 
13 

12 
10 

0 
11 
10 

7 

15 
9 

3 
9 
2 
6 

0 
0 

9 

13 

15 
19 

25 
0 

0 
0 


-  All   herbicides  applied  in  water  carriers. 

2/ 

-  Plants  dead  at  beginning  of  third  growing  season. 
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California  Hazel 

Late  spring  California  hazel  treatments  were  applied  on  June  16  (early  treat- 
ment), when  three-quarters  of  the  leaves  were  fully  developed  and  nuts  were  1/4  to 
1/2  inch  in  diameter.    By  midsummer,  August  11  (late  treatment),  growth  had  ceased 
and  nuts  were  mature. 

California  hazel  shrubs  have  a  growth  habit  similar  to  that  of  vine  maple  and 
frequently  are  associated  with  it.     Surprisingly,  California  hazel  was  more  suscep- 
tible than  vine  maple  to  foliage  sprays  and  timing  effects  were  pronounced  (table  5). 
In  general,  combinations  of  herbicides  were  no  more  effective  than  herbicides  applied 
alone  and  early  foliar  sprays  were  more  effective  than  late  foliar  sprays. 

Acceptable  control  was  obtained  with  early  applications  of  1  lb  aehg  of  picloram, 
1  lb  aehg  each  of  2,4-D  and  dichlorprop,  or  3  lb  aehg  of  2,4,5-T  (fig.   5).    A  lower 
rate  of  2,4,  5-T  and  both  rates  of  silvex  were  less  effective.    MSMA  did  not  increase 
the  effect  of  a  1  lb  aehg  spray  of  2,4,5-T. 

Early  foliar  sprays  of  2,4,5-T  can  be  used  to  release  conifers  if  trees  are 
protected  from  direct  application  by  the  California  hazel  canopy.     For  site  prepara- 
tion, either  picloram  or  a  mixture  of  2,4-D  and  dichlorprop  will  produce  good 
control  if  applied  when  shrubs  are  actively  growing. 


Figure   5. — Late  spring  sprays  of 
1    lb  aehg  picloram  produced 
good  control   of  California 
hazel   shrubs. 
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Table   5 .--Effects  of  herbicides  on  California  hazel 


Treatment 

Topkill 

Plant,, 
kill-7 

Basal   sprouts 

Herbicide- 

Rate 
(lb.   aehg) 

Time 

Plants  with 
sprouts 

Average 
number 

Average 
height 

— Percent — 

Inches 

2,4,5-T 

1 
3 

early 
late 
early 
late 

99 

61 

100 

84 

20 

10 

60 

40 

70 
30 
30 
40 

3 
2 
4 
2 

18 
14 
15 
12 

Si lvex 

1 
3 

early 
late 
early 
late 

88 
21 
84 
53 

40 
0 

10 
20 

50 
20 
90 
50 

3 
2 
4 

2 

12 
17 
16 
13 

MS  MA 

2.2 

early 
late 

95 
89 

0 
10 

100 

90 

9 

10 

12 
15 

Pi cl oram 

1 

early 
late 

100 

74 

80 
70 

20 
20 

4 

2 

16 
15 

Dicamba 

1 

early 
late 

77 

58 

20 
0 

30 

30 

3 

2 

13 
20 

MSMA  +2,4 

,5-T 

2.2  +   1 

early 
late 

96 
81 

0 
10 

100 
80 

8 
7 

18 
14 

Dicamba  + 
2,4,5-T 

1    +   1 

early 
late 

100 

75 

40 
20 

60 
60 

4 

2 

13 
15 

2,4-D  + 

dichlorprop 

1    +   1 

early 
late 

99 
99 

90 
80 

10 
40 

1 

1 

15 
14 

2,4-D  + 
dichlorp 
+  2,3,6- 

rop 

TBA 

+   1+3/4 

early 
late 

100 

9  3 

70 
20 

40 
70 

3 
2 

10 
18 

1/ 

2/ 


All  herbicides  applied  in  water  carriers. 


-  Plants  dead  at  beginning  of  third  growing  season. 
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Salal 

One-milacre  plots  of  salal  were  sprayed  on  June  16  (early  treatment)  and 
August  11  (late  treatment).     Plant  development  was  highly  variable  on  both  dates. 
Flowers  were  open  in  June  but  new  growth  was  not  apparent.    By  midsummer,  new 
growth  was  woody  but  flowers  and  mature  berries  could  be  found  on  the  same  stem. 

Results  were  inconsistent  and  no  treatment  produced  good  control  (table  6). 
Gratkowski  (1970)  obtained  similar  results  using  amitrole-T,  2,4,5-T,  and  mix- 
tures of  picloram  with  phenoxy  herbicides.    Of  the  nine  herbicides  and  combinations 
tested  in  the  present  study,  only  picloram  produced  an  appreciable  amount  of  top- 
kill  and  reduction  in  salal  cover.     Late  spring  sprays  of  picloram  were  more 
effective  than  sprays  applied  in  midsummer.      Although  results  were  not  satis- 
factory, combinations  of  MSMA  or  dicamba  with  2,4,5-T  were  more  effective  than 
any  of  the  three  applied  alone  on  the  most  effective  spray  date. 

Salal  forms  a  dense,  compact  ground  cover  and  high  carrier  volumes  will 
probably  be  necessary  to  obtain  adequate  distribution  and  coverage  of  the  spray. 
Oil-in-water  emulsion  or  straight  oil  carriers  may  be  required  to  penetrate  the 
thick,  waxy  cuticle  of  salal  leaves.    Future  tests  should  consider  both  carrier 
type  and  carrier  volume  in  addition  to  screening  different  herbicides. 


II 


Table  6. --Effects  of  herbicides  on  soldi 


Untreated 

— 

-- 

Percent 

0                         90 

2,4,5-T 

1 

early 
late 

3 
2 

80 
86 

MSMA 

2.2 

early 
late 

2 
12 

89 
80 

Picloram 

1 

early 
late 

74 
4 

22 
78 

Dicamba 

1 

3 

early 
late 
early 
late 

2 
2 
5 

6 

86 
82 
86 
81 

Bromacil 

6 

early 
late 

3 
14 

88 
82 

MSMA  +  2,4,5-T 

2.2  +  1 

early 
late 

1 

36 

84 
70 

Dicamba  + 
2,4,5-T 

1   +  1 

early 
late 

40 
1 

58 
87 

2,4-D  + 
dichlorprop 

1   +  1 

early 
late 

14 

6 

76 

89 

2,4-D  + 

dichlorprop 
+  2,3,6-TBA 

1+1+3/4 

early 
late 

0 
2 

79 
86 

-  All   herbicides  applied  in  water  carriers  except  2,4,5-T 
which  was  applied  in  a  3-percent  oil-in-water  emulsion. 

2/ 

-  Recorded  at  end  of  second  growing  season. 
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DISCUSSION  AND  RECOMMENDATIONS 

High  volume,  ground- applied  foliage  sprays  of  15  herbicides  or  combinations 
of  herbicides  were  tested  on  red  alder,  salmonberry,  western  thimbleberry,  vine 
maple,   California  hazel,  and  salal.     In  general,  combinations  were  no  more  effec- 
tive than  herbicides  applied  individually.     For  example,  dicamba  plus  2,4,5-T  and 
MSMA  plus  2,4,5-T  or  amitrole-T  have  recently  been  advocated  for  use  as  foliage 
sprays  on  salmonberry  for  site  preparation  and  release,  respectively.    Results  of 
this  study  suggest  that  better  results  may  be  obtained  with  2,4,  5-T  or  amitrole-T 
alone.    In  fact,  on  species  where  direct  comparisons  are  possible,  neither  dicamba 
nor  MSMA  increased  effectiveness  of  2,4,5-T  sufficiently  to  justify  the  additional 
cost  and  loss  of  selectivity. 

Picloram  at  1  lb  aehg  produced  the  best  overall  control  of  all  six  species, 
although  not  even  picloram  produced  acceptable  control  on  salal.    This  study 
demonstrates  the  general  usefulness  of  2,4,5-T  for  control  of  coastal  brush  species. 
Foliage  sprays  of  2,4,  5-T  at  3  lb  aehg  were  effective  on  all  species  except  salal. 
The  most  promising  treatments  for  control  of  red  alder,  salmonberry,  western 
thimbleberry,  vine  maple,  and  California  hazel  are  compared  in  table  7. 

Shrubs  and  weed  trees  rarely  grow  in  pure  stands;  they  usually  are  found 
associated  with  other  species.    To  predict  effects  of  particular  treatments  on  mixed 
brush  communities,  topkill  and  plant  kill  can  be  compared  in  the  appropriate  species 
tables  or  in  table  7. 

Herbicides  were  generally  more  effective  when  applied  in  late  spring  than  in 
midsummer.     However,  control  adequate  for  release  of  conifers  can  be  obtained 
with  midsummer  sprays  of  2,4,5-T  on  red  alder,  salmonberry,  and  western  thimble- 
berry.   Limited  aerial  application  trials  on  the  Siuslaw  National  Forest  suggest  that 
optimum  rates  will  be  between  2  and  3  lb  per  acre. 

Several  Douglas-firs  3  to  6  feet  high  were  treated  with  the  various  herbicides 
on  each  application  date.     Results  of  this  informal  study  agreed  with  effects  shown 
earlier  by  Gratkowski  (1961).    Herbicidal  damage  was  greater  for  sprays  applied 
in  late  spring,  when  Douglas-firs  were  actively  growing,  than  in  midsummer,  when 
most  trees  had  set  buds.     In  addition,    2,4,5-T  and  silvex  were  slightly  more  damag- 
ing than  2, 4-D.     Picloram,  dicamba,  bromacil,   and  2, 4-D  plus  dichlorprop  produced 
extensive  defoliation  and  topkill  of  conifers  on  both  application  dates  and  would  not 
be  suitable  for  release  sprays.     Combinations  of  MSMA  with  2,4,5-T  or  amitrole-T 
produced  more  defoliation  of  Douglas-firs  than  either  2,4,5-T  or  amitrole-T 
applied  alone. 

For  release,  early  sprays  should  be  applied  in  water  carriers  after  three- 
quarters  of  the  leaves  on  brush  species  have  attained  full  size  but  before  new  growth 
on  conifers  exceeds  2  inches.     To  minimize  spray  damage,  conifers  should  be 
shielded  from  direct  application  by  the  brush  canopy.     Late  sprays  should  be  applied 
in  midsummer,  after  conifer  growth  ceases  but  at  least  1  month  before  leaf  abscission 
of  brush  species. 
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Site  preparation  sprays  should  be  applied  after  full  leaf  development  while 
plants  are  actively  growing.     For  example,  the  Siuslaw  National  Forest  uses  3  lb 
ae  per  acre  of  2,4,  5-T  in  an  oil-in-water  emulsion  carrier  applied  between  late 
May  and  late  June  to  prepare  brushy  sites  for  burning. 

Aerial  spray  tests  of  picloram  in  combination  with  2,4-D  or  2,4,  5-T  for 
preburn  desiccation  and  site  preparation  are  currently  being  evaluated.    Initial 
results  indicate  that  use  of  picloram  may  reduce  resprouting  of  shrubs  after 
burning,  compared  with  phenoxy  herbicide  sprays.     Burning  the  sprayed  brush 
may  reduce  picloram  residues  in  the  soil  and  allow  early  replanting  of  conifers. 


Table   7 .--Degree  of  control  of  selected  herbicides  in  water  carriers  when 
applied  as  foliage  sprays  on  five  coastal  brush  species 


Herbicide  and 

Application 
season 

Estimated  degree  of  control-  of: 

rate  (lb.  aehg) 

Red  alder 

Salmonberry 

Western 
thimbleberry 

Vine  maple 

California 
hazel 

1  lb. 

2,4-D 

early 
late 

100/100 
100/100 

— 

— 

-- 

-- 

1  lb. 

2, 4, 5-T 

early 
late 

100/100 
100/100 

-- 

— 

— 

— 

3  lb. 

2, 4, 5-T-7 

early 
late 

100/100 
100/100 

100/50 
99/40 

100/50 
99/60 

95/40 
85/30 

100/60 
84/40 

3  lb. 

si  1  vex 

early 
late 

— 

— 

-- 

80/30 
70/30 

84/10 
53/20 

3  lb. 

amitrole-T 

early 
late 

— 

74/80 
58/70 

90/20 
80/0 

— 

-- 

1  lb. 

picloram 

early 
late 

100/100 
100/100 

100/100 
100/100 

100/70 
100/80 

71  /40^ 
55/30 

100/80 
74/70 

1/ 

2/ 
3/ 


Topkill    in  percent/percentage  of  plants  dead. 

Applied  in  an  oil-in-water  emulsion  carrier  on  salmonberry  and  western  thimbleberry. 


Degree  of  control   with  2  lb.   aehg  picloram  as  early  and  late  foliage  sprays   is  96/80 
and  76/40,   respectively. 
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The  mission  of  the  PACIFIC  NORTHWEST  FOREST 
AND  RANGE  EXPERIMENT  STATION  is  to  provide  the 
knowledge,  technology,  and  alternatives  for  present  and 
future  protection,  management,  and  use  of  forest,  range,  and 
related  environments. 

Within  this  overall  mission,  the  Station  conducts  and 
stimulates  research  to  facilitate  and  to  accelerate  progress 
toward  the  following  goals: 

1.  Providing  safe  and  efficient  technology  for  inventory, 
protection,  and  use  of  resources. 

2.  Development  and  evaluation  of  alternative  methods 
and  levels  of  resource  management. 

3.  Achievement  of  optimum  sustained  resource  produc- 
tivity consistent  with  maintaining  a  high  quality  forest 
environment. 

The  area  of  research  encompasses  Oregon,  Washington, 
Alaska,  and,  in  some  cases,  California,  Hawaii,  the  Western 
States,  and  the  Nation.  Results  of  the  research  will  be  made 
available  promptly.  Project  headquarters  are  at: 

Fairbanks.  Alaska  Portland,  Oregon 

Juneau,  Alaska  Olympia,  Washington 

Bend,  Oregon  Seattle,  Washington 

Corvallis,  Oregon  Wenatchee,  Washington 
La  Grande,  Oregon 


Mailing  address:    Pacific  Northwest  Forest  and  Range 
Experiment  Station 
P.O.  Box  3141 
Portland,  Oregon  97208 


The  FOREST  SERVICE  of  the  U.  S.  Department  of  Agriculture 
is  dedicated  to  the  principle  of  multiple  use  management  of  the 
Nation's  forest  resources  for  sustained  yields  of  wood,  water, 
forage,  wildlife,  and  recreation.  Through  forestry  research,  co- 
operation with  the  States  and  private  forest  owners,  and  man- 
agement of  the  National  Forests  and  National  Grasslands,  it 
strives  —  as  directed  by  Congress  —  to  provide  increasingly  greater 
service  to  a  growing  Nation. 
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RECOVERY  FROM 


GROWTH 

DOUGLAS-FIR 


'HOMAS  D.  FAHEY 


PACIFIC  NORTHWEST  FOREST  AND  RANGE  EXPERIMENT  STATION 

FOREST  SERVICE    U.S.  DEPARTMENT  OF  AGRICULTURE  PORTLAND.  OREGON 


ABSTRACT 

Veneer  was  produced  from  768  blocks  cut  from  second- 
growth  Douglas-fir  from  the  Coast  Ranges  in  northwestern 
Oregon.    Timber  was  selected  from  a  variety  of  stand  ages 
and  conditions.    The  recovery  ratio  was  higher  and  the  veneer 
grade  lower  for  blocks  peeled  into  1/6- inch  than  for  1/10-inch 
veneer.    Densely  grown  stands  had  a  much  higher  veneer  grade 
recovery  than  open  grown  stands,  with  no  loss  in  recovery 
ratios.      Block  and  log  data  are  given  in  Scribner  scale  and 
gross  cubic  volume. 

KEYWORDS:    Veneers  (recovery),   stand  age,  Douglas-fir. 
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INTRODUCTION 


Table  1. --Characteristics  of  sample  stands,  1971 


Second- growth  stands  of  Douglas-fir 
are  producing  a  rapidly  increasing  propor- 
tion of  the  commercial  timber  available 
in  the   Pacific  Northwest.     In  the  Coast 
Ranges,  there  are  large  areas  of  these  40- 
to  100-year-old  stands.    These  are  the 
result  of  a  series  of  large  fires  and  exten- 
sive early  logging.     Little  information  is 
available  on  the  recovery  of  forest  products 
to  be  expected  from  this  resource. 

In  1971,  the  Pacific  Northwest  Forest 
and  Range  Experiment  Station,  Region  6  of 
National  Forest  System,  and  the  Oregon 
Office  of  the  Bureau  of  Land  Management, 
in  cooperation  with  Riverside    Lumber 
Company,   Champion  International,  and 
the  Miami  Corporation,  began  a  study  of 
veneer  and  lumber  recoveries  from  this 
resource.     This  report  contains  the  veneer 
recovery  information  derived  from  the 
study.     This  information  will  be  useful  to 
mill  operators  and  resource  managers  in 
allocating  limited  resources  to  their  most 
appropriate  use.     The  log  and  block  infor- 
mation will  serve  as  a  guide  to  allocating 
cut  logs  and  to  making  informed  bucking 
decisions  when  veneer  production  is  a 
possible  use. 


Stand 

age 

(years) 


Veneer 
trees 


Stand  level 
of  stocking 


1/ 


Range 
in  d . b . h . 


Management 


Number 

— Inches 

60 

0 

Medium 

_. 

None 

HO 

16 

Dense 

14-25 

None 

MO 

1/ 

Light 

15-34 

None 

SO 

M 

Dense 

15-24 

None 

70 

15 

Light 

14-34 

None 

100 

25 

Light 

17-38 

Commercially 
thinned  1959 

4(1 

9 

Medium 

14-22 

Precommercially 
thinned  1959 

-  Rate  at  which  stands  closed,  based  on  growth  rate 
slowing  to  more  than  6  rings  per  inch,  at  stump  for  dominant 
and  codominant  trees.  Dense  =  less  than  10  years,  medium  = 
10-20  years,  and  light  =  more  than  20  years. 


removed  in  a  commercial  thinning.     In  the 
70-  to  100-year-old  stands,  we  picked 
trees  from  the  entire  range  available, 
equivalent  to  a  final  harvest  cut.     In  all 
stands,  individual  trees  were  selected  to 
sample  the  variation  in  size  and  tree  con- 
dition which  was  available. 

Once  the  timber  sample  for  the  study 
was  chosen,  the  subsample  for  the  veneer 
portion  was  selected.    All  trees  smaller 
than  13.6-inch  d.b.h.  were  excluded.    The 
remaining  trees  were  randomly  sampled 


STUDY  PROCEDURES 

SAMPLE  SELECTION 

Initially,  stands  were  chosen  for 
variation  in  age,   stocking,  and  manage- 
ment (table  1).    Although  originally  con- 
sidered as  a  variable,  site  within  contiguous 
stands  varied  greatly  by  slope  position  and 
was  dropped  as  a  stand  variable.     Seven 
individual  stands  and  385  trees  were 
selected  (fig.   1). 

Tree  selection  varied  with  stand  age. 
In  the  40-,   50-,   and  60-year-old  stands, 
we  selected  trees  that  would  normally  be 


APPROXIMATE    LOCATION    OF 
TREE    SELECTION    AREAS 
IN    NW    OREGON 

NO  •    SAMPLE    TREES 
AT    THAT    LOCATION 


Figure   1 .--Approximate   location   of 
sample  areas. 


to  include  one  tree  in  three.    Ninety-three 
trees,  or  37  percent,  were  selected  for 
the  veneer  subsample.     The  d.  b.  h.  range 
of  the  veneer  sample  trees  was  from  14 
to  30  inches. 

LOGGING 

Veneer  trees  were  first  marked  so 
the  cutter  would  know  which  trees  to  cut 
into  peeler  lengths.    All  the  areas  were 
cut  in  April  of  1972.    At  the  time  of  cutting, 
the  log  ends  were  tagged  with  the  tree 
number,  woods-length  log  number,   and 
veneer  block  position  within  the  log.    All 
logs  were  taken  to  the  Riverside  Lumber 
Company  log  yard  and  held  for  sorting, 
scaling,  and  shipping  to  the  veneer  plant. 

LOG  SCALING  AND  GRADING 

The  woods-length  veneer  logs  were 
scaled  on  the  ground  at  the  sawmill,  then 
shipped  to  Champion  International.     Scaling 
was  done  by  the  U.  S.   Forest  Service 
Regional  check  scaler,  according  to  the 
Uniform  Bureau  Rules  for  West  Side.    Logs 
were  graded  by  the  rules  for  Douglas-fir 
logs  in  the  standing  tree.!/    Only  those 
defects  visible  on  the  log  surface  were 
considered  in  grading. 

PRODUCTION  FACILITIES 

The  Champion  International  Plant  at 
Willamina,  Oregon,  produces  a  wide 
variety  of  plywood  items,  with  a  high 
proportion  of  sanded  panels.     Less  than 
10  percent  of  annual  production  is  in 
sheathing  grades.     The  species  used  is 
predominately  Douglas-fir.     The  green- 
end  equipment  consists  of  cutoff  saw, 
rosser-head  debarker,  geometric  center- 
ing,   automatic  charger,    8-foot  lathe 
with  six  trays,    two  clippers,    and 


a  fishtail^/  saw.     The  4-foot  lathe   and 
clipper  line  at  the  plant  was  not  used  in 
this  study.     All  three  of  the  steam-fired 
veneer  dryers  were  used  during  the  study. 

BLOCK  PREPARATIONS 
AND  MEASUREMENT 

The  woods-length  logs  were  brought 
to  the  study  plant  and  dumped  into  the  log 
pond  the  week  before  the  study.     The  225 
woods- length  logs  were  bucked  into  823 
nominal  8.  6-foot  blocks  and  debarked. 
Six  woods-length  logs  produced  no  blocks 
large  enough  to  peel.    All  logs  smaller 
than  9  inches  in  diameter  produced  some 
blocks  too  small  to  peel — a  total  of  60. 
After  bucking,  blocks  were  tagged  with 
the  appropriate  tree-log-block  number, 
scaled  by  a  Bureau  of  Land  Management 
check  scaler,   and  measured  for  cubic 
volume. 

VENEER  PRODUCTION 

At  the  lathe,  spur  knives  were  set 
at  101  inches  and  blocks  were  peeled  to 
a  nominal  6.25-inch  core.     Veneer  was 
identified  by  a  color  coding  system  which 
identified  veneer  by  block,  log,  and  tree.—' 

Blocks  were  peeled  in  two  thicknesses— 
299  blocks  were  peeled  1/10-inch  thick 
(.  104  green)  and  469  blocks  were  peeled 
1/6- inch  thick  (.  174  green).     The  blocks 
were  not  sorted  for  peeling  thickness.    The 
1/10-inch  veneer  was  clipped  for  full 
sheets,  half  sheets,  random  widths,  and 
fishtails.     The  1/6-inch  veneer  was  clipped 
for  half  sheets,  random  widths,  and  fish- 
tails.   The  green  veneer  was  separated 


—'  Log  grade  descriptions  for  Douglas-fir. 
Form  R-6  2440- 19D  (March  1965).  Unpublished 
material  on  file  at  U.S.  Forest  Service,  Region 
6,  Portland,  Oregon. 


2/  Fishtail  veneer  is  less-than-full-block 
length,  produced  during  block  roundup.    This 
veneer  was  later  cut  to  4-foot  length  for  use  as 
crossbands. 

3/  Paul  H.  Lane.    Identifying  veneer  in 
recovery  studies.     Forest  Products  Journal 
21(6):  32-33.     1971. 


into  items  and  drying  sorts.     Study  crew- 
members  re-marked  the  fishtails  if  the 
color  codes  would  be  cut  off  at  the  fishtail 
saw. 

DRYING 

Study  material  was  dried  in  the  three 
steam  dryers.    Dryer  times  and  tempera- 
tures followed  usual  mill  practice.     Time 
in  the  dryer  ranged  from  7  minutes  for 
1/ 10-inch  heartwood  to  17  minutes  for 
1/6- inch  sapwood.     Maximum  temperature 
was  360°  to  370°  F.     During  the  approxi- 
mately 48  dryer-hours  necessary  to  dry 
all  the  study  material,  no  veneer  was  lost 
from  dryer  jam  or  fire.     Dryer  loss  on 
this  study  is  below  normal  for  veneer 
drying. 

VENEER  GRADING 

Dry  veneer  was  graded  by  company 
graders  under  the  supervision  of  an  Ameri- 
can Plywood  Association  quality  supervisor. 
All  veneer  was  sorted  into  six  grades — A, 
A  Patch,  B,  B  Patch,   C,  and  D.     A,   B,   C, 
and  D  grades  are  as  described  in  P.  S. 
1-66.1/    An  A  Patch  4-  by  8-foot  sheet  of 
veneer  could  contain  up  to  14  patchable 
defects  and  B  Patch  up  to  20  patchable 
defects.    Narrower  widths  were  allowed 
proportionately  fewer  defects. 

VENEER  TALLY 


with  excessive  moisture  after  drying  was 
tallied  as  it  was  pulled  without  redrying. 
Dry  veneer  that  was  below  grade  was  either 
pencil  clipped-!/  or  tallied  separately  as 
reject. 

DATA  COMPILATION 
AND  STATISTICS 

Recovery  data  were  compiled  by 
two  computer  programs  specifically  de- 
veloped for  processing  veneer  recovery 
data.£/ 

The  cubic  volume  of  veneer  blocks  is 
based  on  measurements  of  the  debarked 
bucked  blocks.     The  average  diameter  is 
to  tenth  of  inch  on  both  ends  and  the  nominal 
length  to  tenth  of  foot.     Volume  was  com- 
puted by  the  following  formula: 


Gross    cubic  volume   = 


7T  L    (D  2  +  D  Dn   +  D-,2) 
s  si  L 


4-3-144 


where  tt  =  constant  3.1416 


D     =  average  diameter  small  end 

s 

D-,   =   average   diameter   large   end 

L     =  nominal  block   length    (8.6    feet), 

Individual  peeler  block  volumes  were 
summed  to  provide  log  cubic  volumes. 
Blocks  which  were  not  peeled  are  not  in- 
cluded in  the  log  cubic  volume. 


Each  piece  of  study  veneer  was 
individually  tallied  by  tree,  log,  and  block. 
Full  and  half  sheets  were  graded  and  tallied 
as  they  were  sorted  on  the  dry  chain.    Both 
4-  and  8-foot  random-width  sheets  were 
pulled  by  grade  and  tallied  later.     Veneer 


£/  American  Plywood  Association.    U.S. 
product  standard  P.  S.   1-66  for  softwood  plywood — 
construction  and  industrial — together  with  DFPA 
grade — trademarks,  28  p. ,   1961. 


Veneer  and  reject  cubic  volume  is 
the  volume  of  dry  untrimmed  grade  and 
reject  veneer.     Core  volume  is  based  on 


5/  Veneer  pieces  pulled  out  of  the  dryer 
which  were  below  grade  but  predominately  of  a 
recognized  veneer  grade  were  tallied  as  random- 
width  strips  of  the  appropriate  grade. 

— '  Richard  O.   Woodfin,  Jr. ,  and  Mary  Anne 
Mei.    Computer  program  for  calculating  veneer 
recovery  volume  and  value.     USDA  Forest  Service, 
Pacific  Northwest  Forest  and  Range  Experiment 
Station,   Portland,   Oregon,  39  p. ,   1967. 


the  green  core  diameter  as  dropped  from 
the  lathe.    Residual  volume  includes  spur, 
roundup,  clipper,  and  dryer  losses,  and 
veneer  shrinkage  and  is  determined  by 
subtraction. 

RESULTS 


1/6-inch  peel  (52  percent).     Linear  re- 
gression analyses  were  run  by  block  grade 
to  test  whether  the  sources  of  the  differ- 
ence were  block  grade  and  diameter  or 
mill  processes.      Appendix  2  contains  the 
percent  by  veneer  grade,  item,  and 
block  grade. 


The  results  of  the  study  are  con- 
tained primarily  in  recovery  tables.     The 
interpretation  of  these  tables  is  highly 
dependent  on  pricing  and  production  assump- 
tions.   The  data  are  presented  to  allow 
the  user  to  apply  price  and  production 
input  to  the  recovery  data. 

The  No.  3  Peeler  and  Special  Peeler 
block  data  have  been  combined  for  statisti- 
cal analysis  because  of  the  limited  number 
and  small  diameter  range  of  these  grades 
in  the  sample.    Other  than  diameter,  the 
grading  specifications  are  identical.    Block 
recovery  will  be  discussed,  followed  by 
the  woods-length  logs. 

BLOCK  RECOVERY  AND 
PEELING  THICKNESS 

Veneer  grade.--  Veneer  was  peeled 
in  two  thicknesses,   l/10-inch  and  1/6-inch, 
during  the  study.    A  different  clipping 
pattern  was  used  for  each.     The  two  groups 
had  similar  block  grade  and  diameter  dis- 
tributions (appendix  1).     The  1/10-inch 
veneer  was  clipped  to  obtain  the  maximum 
full  sheets  of  grades  A  through  C.    Nor- 
mally the  sapwood  and  outer  portion  of  the 
heartwood  were  clipped  into  full  sheets, 
and  the  inner  heartwood  was  clipped  into 
half  sheets.    The  1/6-inch  veneer  was 
clipped  to  produce  maximum  half  sheets 
of  grades  D  and  better.     There  is  a  marked 
difference  in  recovery  by  veneer  item 
and  grade  (tables  2  and  3)  due  to  clipping 
practice. 

The  total  percent  of  veneer  in 
grades  A  through  C  was  higher  for  the 
1/10-inch  peel  (59  percent)  than  for  the 


Veneer  grade  recovery  by  block 
grade  and  diameter.  —  The  recovery  of 
veneer  grades  A  through  C  varied  by 
block  diameter  (table  3)  and  block  grade. 
For  the  combined  No.   3  Peeler  and 
Special  Peeler  block  grades  there  was 
no  difference  in  veneer  grade  recovery 
between  the  two  peeling  thicknesses  and 
no  change  related  to  block  diameter. 
Veneer  recovery  was  consistently  82- 
percent  grades  A  through  C  regardless 
of  size  or  clipping  pattern.    For  blocks 
graded  No.  2  or  No.  3  Sawmill,  there 
was  a  significant!/  correlation  of  veneer 
grade  recovery  with  block  diameter 
(fig.  2).     For  blocks  peeled  1/ 10-inch, 


—'  Significant  correlation  as  used  is  at  the 
5-percent  probability  level.    Highly  significant  is 
the  1-percent  probability  level. 

PERCENT 

10Or 

NO    3  PEELER   AND  SPECIAL  PEELER. 
1/10-INCH  AND  1/6-INCH 


NO    3  SAWMILL.  1/6-INCH- 
J — I I l I I l l i     I     i     i 


_L 


_i_ 


_i_l 


5  10  15  20  25  30 

DIAMETER  (INCHES) 

Figure   2. — Veneer  grades   A   through   C  as 
a   percent   of  total   graded   veneer,   by 
block   grade  and  peeling   thickness 
over   diameter . 


Table  2. --Volume  and  percent  of  veneer  recovery,  by  veneer  grade,  item,  and  thickness 


Veneer  item 

Veneer 

Full   sheets 

Half  sheets 

Random  width,  8  feet 

Random  width,  4  feet 

Total 

grade 

Volume, 
3/8-inch 
basis 

Percent 

Volume, 
3/8- inch 
basis 

Percent 

Volume, 
3/8-inch       Percent 
basis 

Volume, 
3/8-inch 
basis 

Percent 

Volume, 
3/8-inch 
basis 

Percent 

Square  feet 

Square  feet 

Sq 

tare  feet 

Square  feet 

Square  feet 

1/10 

-INCH   VENEER 

A 

A  Patch 

B 

B  Patch 

C 

D 

88 

117 

20 

1  ,478 

18,404 

13,797 

0.13 

.17 

.03 

2.15 

26.82 

20.10 

0 

0 

0 

456 

5,919 

7,213 

0.66 

8.62 

10.51 

43 

11 

856 

11 

10,425 

6,081 

0.06 
.02 

1.25 

.02 

15.19 

8.86 

2 
1 

0 
1) 
0 
0 
,497 
,213 

3.64 
1.77 

131 

128 

876 

1,945 

37,245 

28,304 

0.19 

.19 

1.28 

2.83 

54.27 

41.24 

Total 

33,904 

49.40 

13,588 

19.80 

17,427 

25.39 

3 

,710 

5.41 

68,629 

1/ 

100.00 

Reject^ 

1,256 

1.83 

2,570 

3.74 

1,761 

2.57 

0 

0 

5,587 

8.14 

1/6 

-INCH   VENEER 

A 

A  Patch 

B 

B  Patch 

C 

D 

0 
0 
0 

0 
0 
0 

- 

0 

0 

68 

5,238 

37,645 

38,726 

0.06 

4.71 

33.88 

34.85 

0 
0 

578 

0 

11,545 

12,463 

0.52 

10.39 
11.22 

2 
2 

0 
0 

IJ 

0 
509 
345 

2.26 

2.11 

0 

0 

646 

5,238 

51,699 

53,534 

0.58 

4.71 

46.53 

48.18 

Total 

0 

— 

81,677 

73.50 

24,586 

22.13 

4 

854 

4.37 

111,117 

1/ 

100.00 

2/ 
Reject- 

0 

~ 

2,122 

1.91 

7,446 

6.70 

66 

.06 

9,634 

8.65 

Cross  totals  may  not  add  due  to  rounding. 


—  Reject  expressed  as  a  percent  of  grade  veneer. 


Table  3. --Percent  of  veneer  recovery  by  veneer  grade  and 
thickness,  and  diameter  of  all  sound  blocks 


average 


Block 
diameter 
(inches) 

Number 

of 
blocks 

Total 
veneer, 
3/8- inch 
basis 

Veneer 

grade 

A 

A  Patch 

B 

B  Patch 

C 

D 

Square  feet 

Perct 

mt 

1/10-INCH  VENEER 

9 

1 

22 

0 

0 

0 

0 

77.3 

22.7 

10 

14 

768 

0 

0 

2.2 

0 

67.9 

29.9 

11 

20 

1,516 

0 

0 

1.1 

.7 

82.0 

16.2 

12 

35 

3,339 

0 

0 

.4 

1.2 

69.7 

28.7 

13 

26 

3,230 

.1 

0 

.4 

.3 

77.3 

21.9 

14 

32 

4,820 

0 

(J 

.4 

0 

71.9 

27.7 

15 

32 

5,613 

0 

0 

.4 

.3 

68.3 

31.0 

16 

22 

4,781 

0 

0 

.3 

.6 

71.2 

27.9 

17 

16 

3,688 

0 

0 

.2 

.3 

60.8 

38.7 

18 

16 

4,385 

0 

.2 

.3 

.6 

41.0 

57.9 

19 

17 

5,251 

.2 

0 

.4 

.9 

53.5 

45.0 

20 

16 

5,482 

.2 

0 

1.0 

2.0 

44.4 

52.4 

21 

10 

4,198 

.1 

.2 

2.0 

4.5 

60.3 

32.9 

22 

14 

5,992 

.1 

.2 

1.8 

3.4 

44.3 

50.2 

23 

8 

4,005 

.4 

.5 

3.5 

7.9 

33.6 

54.1 

24 

7 

2,868 

2.4 

1.4 

2.6 

7.5 

39.2 

46.9 

25 

6 

3,236 

.3 

1.2 

4.4 

7.7 

32.1 

54.3 

26 

27 
28 

2 

0 
1 

1  ,243 

.2 

0 

2.6 

5.1 

7.6 

84.5 

836 

0 

0 

4.1 

4.1 

17.9 

73.9 

29 

3 

2,393 

0 

0 

.2 

.4 

50.9 

48.5 

30 
Total   or 

1 

963 

0 

0 

4.8 

38.4 

50.4 

6.4 

299 


68,629 


.2 


.2 


1.3 


2.8 


54.3 


41.2 


1/6-INCH   VENEER 


9 

1 

42 

0 

0 

0 

0 

76.2 

23.8 

10 

15 

1  ,047 

0 

0 

0 

0 

56.3 

43.7 

11 

50 

3,908 

0 

0 

0 

.6 

60.2 

39.2 

12 

56 

5,254 

0 

0 

0 

.6 

61.9 

37.5 

13 

51 

6,022 

0 

0 

.1 

1.4 

63.2 

35.3 

14 

43 

6,418 

0 

0 

.3 

2.4 

55.9 

41.4 

15 

41 

7,363 

0 

0 

.2 

.2 

46.5 

53.1 

16 

38 

8,814 

0 

0 

.1 

1.0 

46.2 

52.7 

17 

32 

8,904 

0 

0 

0 

1.5 

49.2 

49.3 

18 

28 

8,954 

0 

0 

.6 

4.5 

49.8 

45.1 

19 

23 

7,505 

0 

0 

.3 

2.0 

41.1 

56.6 

20 

24 

9,437 

0 

0 

.6 

8.7 

49.7 

41.0 

21 

10 

4,435 

0 

0 

.8 

2.1 

43.5 

53.6 

22 

11 

4,619 

0 

0 

.2 

1.5 

33.1 

65.2 

2  3 

8 

4,483 

0 

0 

.1 

3.4 

36.1 

60.4 

,'4 

10 

5,651 

0 

0 

.7 

9.6 

37.5 

52.2 

25 

8 

5,198 

0 

0 

.7 

11.7 

52.5 

35.1 

26 

7 

3,976 

0 

0 

1.5 

16.0 

29.8 

52.7 

27 

5 

2,426 

0 

0 

1.3 

4.9 

20.4 

73.4 

28 

6 

4,690 

0 

0 

1.6 

10.6 

32.1 

55.7 

29 

2 

1  ,971 

0 

0 

8.5 

31.8 

43.6 

16.1 

Tnt"^l     nv      — 

IULO  1       UF 

average 

469 

111,117 

0 

0 

.6 

4.7 

46.5 

48.2 

the  percent  of  A  through  C  grade  veneer 
was  consistently  higher  than  for  blocks 
peeled  1/6-inch,  regardless  of  diameter. 
The  difference  was  9.  9  percent  for  block 
grade  No.  2  Sawmill  and  14.  2  percent 
for  block  grade  No.  3  Sawmill.     Statisti- 
cally, these  differences  were  highly  sig- 
nificant.   Appendix  3  contains  the  summary 
by  diameter  on  which  this  analysis  was 
based. 

Block  recovery  ratios. — Recov- 
ery ratio  is  square  feet  of  veneer  on  a 
3/8-inch  basis  per  board  foot  of  net  Scrib- 
ner  scale.     The  recovery  ratio  of  all  non- 
cull  blocks  (table  4)  is  lower  for  1/10-inch 
veneer  (2.60)  than  for  1/6- inch  veneer 
(2.72).     Regression  analysis  showed  there 
was  a  significant  correlation  between 
diameter  and  recovery  ratio  (fig.   3)  and 
that  the  1/10-inch  recovery  ratio  was  0. 16 
lower  for  all  diameters.     This  difference 
is  highly  significant.    Appendix  4  contains 
the  basic  data  by  grade  and  diameter  class. 

Cubic  volumes  of  veneer,  reject 
veneer,  core,  and  residual  were  analyzed 
as  a  percent  of  block  cubic  volume  for  both 


peeling  thicknesses  (figs.  4  and  5).     The 
percent  of  the  block  cubic  volume  (table  4) 
varied  with  diameter  for  veneer,  reject 
veneer,   and  core.     The  residual  component 
stayed  constant  for  all  diameters. 
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Figure   4. --Veneer   cubic  recovery   as   a 
percent   of  cubic  volume. 
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Figure    3. — Recovery  ratio,    square   feet 
of  veneer    (3/8-inch  basis)    per 
board   foot  of  net   Scribner  block 
scale  by   diameter . 
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Figure   5. — Cubic   volume  of  nonveneer 
components   as   a  percent   of  block 
cubic   volume  residual ;    includes 
chippable   volume,   shrinkage ,    and 
waste. 


Figure  6  gives  the  cumulative  volumes 
for  1/10-  and  l/6-inch  veneer. 

Between  veneer  thicknesses,  there 
was  no  significant  difference  in  the  recov- 
ery ratios  for  veneer  but  a  significant 
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Figure   6. — Cumulative   cubic   volume   of 
block   components   as   a  percent   of 
block   cubic   volume  by   block   grade; 
A,    1/10-inch   veneer,    B,    1/6-inch 
veneer . 


difference  in  the  ratios  for  reject  veneer 
(fig.  4).     This  difference  varied  with 
diameter  class.     Peeling  1/10-inch  veneer 
resulted  in  1.  3  percent  less  of  block  vol- 
ume in  core  and  3.  4  percent  more  of  block 
volume  in  the  residual  portion  (fig.   5). 
These  differences  were  significant  and 
consistent  for  all  diameters.     The  basic 
data  for  this  analysis  are  summarized  in 
table  4.     Appendix  4  contains  summary  by 
block  grade  and  diameter. 

RECOVERY  BY  LOG 

Veneer  recovery  by  log  is  reported 
with  both  veneer  thicknesses  combined. 
Log  recovery  totals  are  slightly  higher 
than  block  recovery  totals.     The  six  cull 
blocks  came  from  otherwise  sound  logs, 
and  the  veneer  from  these  blocks  is  included 
in  log  totals. 

Cubic  volumes  for  logs  are  the  sum 
of  the  block  volumes  and  do  not  include 
the  volume  of  blocks  which  were  not  peeled. 
The  Scribner  scale  is  the  long  log  scale 
before  bucking  and  does  include  blocks 
not  peeled. 

Veneer  grade  and  item. — The 
veneer  recovery  by  veneer  grade  and  item 
is  contained  in  table  5.    Appendix  5  con- 
tains the  volumes  by  grade  and  item  for 
individual  log  grades.     The  high  percent- 
age of  half  sheets  (53  percent)  is  largely 
a  result  of  the  clipping  pattern  followed 
with  1/6-inch  veneer. 

Veneer  grade  recovery  by   log 
grade  and  diameter.  —  The  veneer 
recovery  percent  in  grades  A  through  C 
veneer  varied  widely  by  log  grade  (table  6). 
Regression  analyses  were  run  on  each  grade 
and  on  all  log  grades  combined.     For  log 
grade  No.   3  Sawmill,  there  was  a  signifi- 
cant correlation  between  percent  of  A 
through  C  grade  veneer  and  log  diameter 


Table  4. --Volume  and  percent  of  veneer  recovery  by  diameter  of  all  sound  blocks 


Block 

Number 

of 
blocks 

Scribner  scale 

Percent 
sound 

Veneer, 

3/8-inch 

basis 

Recovery 
ratio 

Block 

volume 

Veneer 

Reject 

Co 

*e 

Resi 

lua  i 

diameter 
(inches) 

Gross 

Net 

Volume 

Percent 

Vo  1  ume 

Percent 

Volume 

Percent 

Vol ume 

Percent 

— Board 

feet — 

.'  <  in 
feet 

Cubic  feet 

Cubic 
feet 

8  ■ .  ■ 
feet 

Cubic 
feet 

1/10-INCH  VENEER 

! 

1 

20 

20 

1 00 

22 

1.10 

5.86 

0.67 

11.4 

0.11 

1.0 

1.85 

31.6 

3.23 

1/55.1 

10 

14 

420 

4  20 

100 

768 

1    83 

77.79 

23.35 

30.0 

1.26 

1.6 

26.13 

3  ', .  6 

27.05 

34.8 

11 

20 

600 

600 

1 00 

1,516 

2.5  3 

123.88 

45.79 

17.0 

2.00 

2.2 

37.02 

2 'J.  J 

38.39 

31.0 

12 

35 

1,400 

1,400 

100 

3,339 

2.38 

259.02 

101.11 

39.0 

9  04 

3.5 

62.51 

24.1 

86.36 

33.3 

13 

26 

1,300 

1,280 

OS 

3,230 

2.52 

223.92 

97.73 

43.6 

1  ,  80 

1.7 

47.52 

21  .2 

74.87 

33.4 

14 

32 

1,920 

1,900 

99 

4,820 

2  .  54 

309.68 

145.84 

47.1 

6.73 

2.2 

54.84 

17.7 

102.27 

33.0 

15 

32 

2.240 

2,240 

100 

5,613 

2.51 

358.55 

170.05 

4/.  4 

11.04 

3.1 

57.65 

16.1 

119.81 

33  4 

IE 

22 

1,760 

1,750 

gg 

4,781 

2.73 

280.56 

144.80 

51.6 

6.32 

2 . 2 

38.14 

13.6 

91.30 

32.0 

17 

16 

1,440 

1,360 

g4 

3,688 

2.71 

235.95 

111.82 

47.4 

7.42 

3.  1 

35.34 

15.0 

81.37 

34.5 

18 

16 

1,760 

1,720 

98 

4,385 

2.55 

258.59 

133.07 

51.5 

g .  56 

3.7 

27.88 

10.8 

88.08 

34 

19 

17 

,040 

1,890 

93 

5,251 

2.78 

306.20 

159.11 

52.0 

8.79 

2.  1 

44.87 

14    0 

93.43 

30.0 

20 

16 

2,240 

2,080 

93 

5,482 

2.64 

323.90 

166.08 

51.3 

12.82 

4.0 

44.94 

1  1     ' 

100.06 

30.'i 

21 

10 

1,500 

1,410 

94 

4,198 

2  98 

212.87 

127.29 

59.8 

6.18 

17.79 

8 .  4 

61.61 

28.9 

22 

14 

2  ,  380 

2,280 

06 

5,992 

2.63 

331.93 

181.65 

04.7 

23.10 

7.0 

25.31 

7.6 

101.87 

30.7 

23 

8 

1,520 

1,480 

97 

4,005 

2.71 

210.53 

121.47 

57.7 

11.04 

5.2 

1  4  .  0  ) 

t.    7 

63.99 

30  4 

.'4 

7 

1,470 

1,290 

88 

2,868 

2  .  22 

192.76 

86.93 

40.1 

24.58 

12.8 

13.18 

6.8 

68.07 

35.3 

20 

6 

1,380 

1,340 

97 

3,236 

2.41 

198.32 

98.05 

49.4 

14.13 

1  A 

12.75 

6.4 

73.39 

37.0 

2  6 

27 

2 8 

2 

0 

1 

500 

480 

96 

1,243 

2  59 

74.04 

37.65 

50.8 

2.19 

3 . 0 

10.53 

14.2 

23.67 

32 . 0 

290 

220 

'6 

836 

3.80 

47.91 

25.33 

52.9 

2.57 

'..4 

3.07 

,     4 

16.94 

J5  ,1 

29 

3 

930 

890 

16 

2,393 

2.69 

120.08 

72.49 

00.1 

4.70 

3.9 

5.23 

4.3 

38.16 

31.6 

30 
Total   or 

1 

330 

3  3n 

100 

963 

2.92 

49.33 

29.18 

59.2 

.74 

1.5 

2.27 

4.6 

17.14 

34.8 

average 

299 

27,440 

26,380 

96 

68,629 

2.60 

4,202.17 

,079   46 

49.5 

168.80 

4    0 

582.85 

13.9 

1,371.06 

32.6 

1/6-INCH  VENEER 

9 

1 

20 

20 

100 

42 

2.10 

5.07 

1.26 

24.8 

.04 

.8 

2.02 

39.8 

1.75 

34.5 

HI 

15 

440 

440 

1 00 

1  ,047 

2.38 

88.51 

31.31 

35.4 

3.10 

3.5 

28.86 

32.6 

25.24 

28.0 

11 

50 

1,510 

1,480 

98 

3,908 

2.64 

320.23 

16.88 

36.5 

14.24 

4.4 

98.77 

30 . 8, 

90.34 

28.2 

12 

56 

2,240 

2.180 

97 

5,254 

2.41 

412.87 

156.77 

38.0 

17.57 

4 .  ■; 

111.52 

27.0 

127.01 

Jl  1 .  8 

13 

51 

2,550 

2,490 

98 

6,022 

2.42 

435.51 

179.66 

41.2 

16.76 

3.8 

105.82 

24.  1 

133.27 

30 . 6 

14 

43 

2,580 

2,490 

97 

6,418 

2.58 

427.27 

191.57 

44.8 

13.29 

3.1 

88.59 

20.7 

133.82 

31,3 

15 

41 

2,870 

2,840 

gg 

7,363 

2.59 

459.83 

219.76 

47.8 

14.45 

3.1 

80.85 

17.6 

144.77 

31.5 

16 

38 

3,040 

3,010 

ri 

8.814 

2.93 

493.72 

262.78 

53 . 2 

12.78 

2 . 6 

76.96 

15.6 

141.20 

28.0 

17 

32 

2,880 

2,830 

)8 

8,904 

3.15 

472.57 

265.83 

56.2 

12.86 

2.7 

68.01 

14    4 

125.87 

80  .  6 

18 

28 

3,080 

3,020 

98 

8,954 

2.96 

455.27 

267.24 

58.7 

11.09 

2.4 

55.46 

12.2 

121.48 

2(    1 

19 

23 

2,760 

2,630 

95 

7,505 

2.85 

415.79 

223.90 

53.8 

17.58 

4 . 2 

66.00 

1  6 .  0 

108.31 

26  0 

20 

24 

3,360 

3,340 

99 

9,437 

2.83 

489.53 

281.44 

07.  S 

23.37 

4.8 

47.25 

9.6 

137.47 

28    1 

21 

10 

1,500 

1,440 

36 

4,435 

J.  08 

229.59 

132.06 

57.5 

4.80 

2.1 

20.77 

Oi.d 

71.96 

31.3 

22 

11 

1,870 

1,870 

100 

4,619 

2.47 

262.63 

137.86 

02.5 

19.44 

7.4 

22.00 

8.0 

82.74 

31.5 

23 

8 

1,520 

1,520 

1 00 

4,483 

2.95 

207.74 

133.51 

64.3 

5.93 

2.8 

17.28 

8.  3 

51.02 

24.6 

24 

10 

2,100 

2,100 

100 

5,651 

2.69 

291  .40 

168.52 

57.8 

12.92 

4.4 

21.09 

7.2 

88.87 

30 . 0 

25 

8 

1  ,840 

1,780 

</ 

5,198 

2.92 

261.91 

154.95 

59.2 

7.76 

1  .  0 

20.50 

7.8 

78.70 

30.0 

26 

7 

1,750 

1,750 

100 

3,976 

2.2  7 

247.84 

118.53 

47.8 

29.59 

11.  'i 

16.28 

'    ' 

83.44 

33.7 

2  7 

5 

1,350 

1,350 

1  00 

2,426 

1.80 

183.74 

72.38 

39.4 

33.56 

18.3 

13.35 

7.3 

64.45 

30.1 

28 

i 

1,740 

1,660 

95 

4,690 

2.83 

242.46 

139.90 

07.7 

14.74 

6.1 

14.36 

5  g 

73.46 

30    3 

29 

: 

620 

620 

100 

1,971 

3.18 

88.47 

58.76 

66.4 

1.25 

1  .4 

4.48 

0.1 

23.98 

27.1 

Total   or 
average 

469 

41,620 

40,860 

98 

111,117 

2.72 

6,491.95 

3,314.87 

51.1 

287.12 

4.4 

980.81 

15.1 

1,909.15 

29.4 

Cross  totals  may  not  add  to  100.0  percent  due  to  rounding. 


Table  5. --Volume  and  percent  of  veneer  recovery  by  grade  and  item 


Veneer  item 

Veneer 

Full   sheets 

Half  sheets 

Random  width,  8  feet 

Random  width,  4  feet 

Total 

grade 

Volume , 
3/8-inch 
basis 

Percent 

Volume, 
3/8-inch 
basis 

Percent 

Volume, 
3/8-inch 
basis 

Percent 

Volume, 
3/8-inch 
basis 

Percent 

Volume, 
3/8-inch 
basis 

Percent 

.  >q 

Aare  feet 

Sq 

uare  feet 

Square  feet 

A 

S.H 

i  oo 

0 

_. 

4  3 

0.02 

A  Patch 

117 

3.. 

P 

__ 

11 

.01 

B 

20 

'0 

68 

0.O4 

1  ,466 

.81 

8  Patch 

1,478 

.82 

5,694 

3.16 

11 

.01 

C 

18,404 

10.21 

43,701 

24.24 

22,034 

12.22 

0 

13,797 

7.65 

46,065 

25.55 

18,656 

10.35 

Total 

33,904 

18.80 

95,528 

52.98 

42,221 

23.42 

Reject-' 

1,256 

.70 

4,731 

.:.•■: 

9.263 

'     14 

f, .  t 

0 

0 
0 

n 


quare  feet 

1  11 

0.07 

128 

017 

1,554 

36 

7,183 

3.98 

89,216 

49.48 

82,101 

45.53 

180,313 

l/ioo.oo 

15,316 

8.49 

Cross   totals  may  not  add  due  to  rounding. 
Reject  expressed  as  a  percent  of  grade  veneer. 
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Table  6. --Veneer  grade  recovery  by  log  grade  and  diameter 


Log 
diameter 
(inches) 

Number  of 
logs 

Volume, 
3/8-inch  basis 

Veneer 

grade 

A 

A  Patch 

B 

B  Patch 

C 

D 

Square  feet 

Percent 

SPECIAL  PEELER 

1.4 

19 

1 

n 

1,659 

0 

0 

2.8 

1.0 

81.7 

14.5 

20 

21 

0 
2 

4,396 

2.1) 

.9 

4.4 

8.8 

62.2 

21.7 

Total  or 

average 

3 

6,055 

1.4 

no.  ; 

.6 
SAWMILL 

3.9 

6.7 

67.7 

19.7 

1.' 

18 

9,312 

0 

0 

.4 

1.2 

55.5 

42.9 

13 

17 

9,985 

0 

0 

.6 

1.0 

67.5 

30.9 

14 

.'1 

18,244 

.1 

0 

.1 

.8 

56.5 

42.4 

15 

II) 

8,077 

0 

0 

0 

.8 

68.7 

30.5 

16 

15 

15,655 

0 

0 

.3 

.9 

37.9 

60.9 

17 

7 

8,936 

.1 

.1 

.8 

4.3 

55.6 

39.1 

18 

9 

13,692 

0 

0 

.7 

7.9 

51.5 

39.9 

19 

10 

14,001 

1) 

1) 

.7 

1.1 

42.8 

55.4 

20 

4 

8,601 

0 

0 

.2 

2.3 

51.0 

46.5 

21 

3 

6,366 

.2 

1.1 

4.1 

21.1 

39.9 

33.6 

.'.' 

3 

6,583 

0 

0 

1.2 

15.2 

44.9 

38.7 

23 

1 

2,940 

.1 

11 

2.7 

3.5 

10.0 

83.7 

.'4 

3 

5,306 

0 

0 

1.1 

3.7 

23.4 

71.8 

25 

1 

2,230 

0 

II 

2.5 

20.1 

27.8 

49.6 

26 

0 

-- 

-- 

-- 

-- 

-- 



-- 

27 

1 

3,806 

0 

0 

5.0 

17.3 

34.9 

42.8 

28 

1 

2,601 

(1 

0 

1.9 

14.6 

56.8 

26.7 

Total  or  - 
average 

124 

136,335 

0 

.1 

.9 

4.8 

48.8 

45.4 

no.  : 

SAWMILL 

t. 

1 

49 

11 

0 

0 

0 

42.9 

57.1 

; 

4 

781 

0 

0 

.9 

0 

55.1 

44.0 

8 

13 

2,131 

0 

1) 

1.0 

1.2 

56.6 

41.2 

•' 

1/ 

4,228 

0 

11 

.2 

0 

55.3 

44.5 

In 

.'4 

6,947 

0 

II 

.1 

.5 

69.7 

29.7 

11 

26 

12,347 

0 

11 

.1 

1.0 

59.9 

39.0 

12 

0 

-- 

-- 

-_ 

-_ 



__ 



13 

0 

-- 

-- 

.. 

.. 

.. 

__ 

__ 

14 

n 

-- 

-- 

-- 

— 

.. 

.. 



15 

2 

1,925 

0 

0 

0 

0 

16.3 

83.7 

16 

o 

-- 

— 

__ 

-. 

__ 





17 

l 

1  ,471 

0 

0 

0 

0 

12.6 

87.4 

1.4 

n 

-- 

-- 

__ 

__ 



__ 

__ 

19 

l 

1,304 

0 

0 

0 

0 

15.8 

84.2 

20 

n 

-- 

— 

— 

__ 

__ 



.. 

-'1 

0 

-- 

-- 

-- 

.. 

.. 

.. 

__ 

22 

i 

1,131 

0 

.6 

2.7 

0 

7.3 

89.4 

23 

ii 

-- 

-- 

.- 





■4 

2 

4,640 

0 

0 

.2 

2.2 

31.8 

65.8 

25 

n 

-- 

-- 

__ 

__ 



> 

0 

-- 

-- 

-. 

.. 

__ 

__ 



27 

i 

969 

0 

0 

0 

0 

4.2 

95.8 

Total   or 
average 

93 

37,923 

0 

0 

.3 

.7 

48.9 

50.1 

ALI 

GRADES 

6 

1 

49 

0 

0 

0 

0 

42.9 

57.1 

7 

4 

781 

0 

0 

.9 

0 

55.1 

44.0 

8 

13 

2,131 

0 

n 

1.0 

1.2 

56.6 

41.2 

i 

17 

4,228 

0 

0 

.2 

0 

55.3 

44.5 

10 

24 

6,947 

u 

0 

.1 

.5 

69.7 

29.7 

11 

26 

12,347 

0 

0 

.1 

1.0 

59.9 

39.0 
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(fig.   7).     For  the  Special  Peeler  and  No.  2 
Sawmill  grades  there  was  no  correlation 
with  diameter.    The  correlation  with  diame- 
ter for  all  log  grades  was  largely  a  result 
of  No.  3  Sawmill  logs. 

Log  recovery  ratio. —  The  recovery 
ratio  of  square  feet  of  dry  untrimmed  ven- 
eer (3/8-inch  basis)  per  board  foot  of  net 
log  scale  showed  a  significant  correlation 


with  diameter  (fig.   8)  when  all  log  grades 
were  combined.    The  drop  in  recovery 
ratio  for  large-diameter  logs  is  due  to  the 
low  recovery  in  large  No.  3  Sawmill  logs 
(table  7)  and  the  large  percentage  of  this 
grade  in  the  upper  diameters.    No.  2 
Sawmill  logs,  which  would  comprise  a 
larger  proportion  of  a  random  sample, 
had  an  average  recovery  ratio  of  3.27 
which  did  not  change  with  diameter. 
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Figure   7. — Veneer   grades   A   through   C 
as   a   percent   of   total    veneer  for 
all   log  grades   and   for   individual 
log  grades. 


DIAMETER  (INCHES) 

Figure   8. — Recovery   ratio,    square  feet 
of  dry,    untrimmed   veneer    (3/8-inch 
basis)    per  hoard  foot   of  net  Scrib- 
ner  log  scale  by  diameter . 
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Table  7. --Volume  and  percent  of  veneer  recovery  by  block  diameter  and  log  grade 


Block 
diameter 
(inches) 

Number 

of 
blocks 

Scribner  scale 

Percent 

Veneer, 
3/8-inch 
basis 

Recovery 

Block 

Veneer 

Re. 

ect 

Cc 

re 

Residual 

Gross 

Net 

sound 

ratio 

volume 

Vo 1 ume 

Percent 

Volume 

Percent 

Vo  1  ume 

Percent 

Volume 

Percent 

--Board  feet 

Square 

—  Cubic 

feet-  — 

Cubic 

Cubic 

Cubic 

feet 

feet 

feet 

feet 

SPECIAL   PEELER 

18 
14 

1 

0 

450 

4  Si! 

1  00 

1,659 

■  3.69 

78.50 

49.46 

63.0 

.44 

0.6 

8.02 

10.2 

20.58 

26.2 

.'0 
21 

0 
2 

1,300 

1,280 

98 

4,396 

3.43 

214.13 

133.29 

62.2 

9.33 

4.4 

14.06 

6.6 

57.45 

26.8 

Total   or 

average 

3 

1,750 

1,730 

99 

6,055 

3.50 

292.63 

182.75 

62.4 

9.77 

3.3 

22.08 

7.5 

78.03 

26.7 

NO.    2  SAWMILL 

12 

18 

2,790 

2,700 

9  7 

9,312 

3.45 

609 . 80 

279.40 

45.8 

13.86 

2.3 

127.18 

20.9 

1 89 .  36 

31.0 

13 

17 

3,480 

3,420 

98 

9,985 

2.92 

649.72 

299.63 

46 .  1 

15.29 

2.4 

127.95 

19.7 

206.85 

31.8 

14 

21 

5,300 

5,180 

9>: 

18,244 

3.52 

1,051.43 

546.32 

52.0 

25.03 

2.4 

175.26 

16.7 

304.82 

29.0 

15 

10 

2,850 

2,690 

94 

8,077 

3.00 

503.81 

244.09 

48.4 

15.37 

3.0 

77.08 

15.3 

167.27 

33.2 

16 

15 

4,780 

4,710 

99 

15,655 

3.32 

858.64 

469.49 

54.7 

25.79 

3.0 

116.26 

13.5 

247.10 

28.8 

17 

7 

2,640 

2,560 

9/ 

8,936 

3.49 

487.53 

268.35 

55.0 

17.44 

3.6 

63.19 

13.0 

138.55 

28.4 

18 

9 

4,300 

4,080 

95 

13,692 

3.36 

737.31 

410.39 

55.7 

21.71 

2.9 

92.72 

12.6 

212.49 

28.8 

19 

10 

5,070 

4,590 

91 

14,001 

3.05 

839.95 

421.19 

50 . 1 

59.57 

7.1 

86.20 

10.3 

272.99 

32.5 

20 

4 

2,660 

2,660 

Id! 
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3.23 

405.01 

258.28 

63.8 

6.97 

1./ 

31.61 

7.8 

108.15 

26.7 

21 

3 
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1,910 

98 

6,366 

3.33 

335.44 

190.75 

56.9 

17.02 

5.1 

25.05 

7.5 

102.62 

30.6 

22 

3 

1,960 

1,850 

94 
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3.56 

328.54 

196.25 

59.7 

9.18 

2.8 

24.17 

7.4 

98.94 

30.1 

23 

1 
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710 

89 

2,940 

4.14 

144.27 

89.11 

61.8 

4.92 

3.4 

8.48 

5.9 

41.76 

28.9 

24 

3 
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4,4 
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3.24 
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25.59 

8.1 

23.34 
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34.1 

25 
26 

1 

0 
1 
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94 
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152.42 

66.53 

43.6 

24.14 
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34.0 
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1,160 
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4.61 
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17 
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569.98 
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28.6 

18 
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100.74 

12.4 
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23 

1 

800 

710 

84 

2,940 
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127.99 

78.78 

61.6 
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3.16       10,789.15 
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The  percent  of  log  cubic  volume 
recovered  as  veneer,  reject,  core,  and 
residual  (figs.  9  and  10)  shows  essentially 
the  same  pattern  as  for  blocks.     Much  of 
the  drop  in  veneer  recovery  for  large- 
diameter  logs  is  associated  with  single 
27-inch-diameter  No.   3  Sawmill  log 
(table  7). 


DIAMETER  (INCHES) 

Figure   9. — Cubic   volume   of  log   compo- 
nents  as   a  percent   of  log  cubic 
volume  over  scaling  diameter. 
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Figure   10 .--Cumulative   cubic   volume   of 
log  components   as   a  percent   of  log 
cubic  volume. 


RECOVERY  BY  STAND 

Stand  conditions  and  veneev 
recovery . —  Originally,    the  sample 
was  set  up  to  test  whether  there  was  any 
difference  in  yield  between  thinned  and 
unthinned  stands,  or  between  the  fast- 
growing,  lightly- stocked  stands  and  those 
with  moderate  to  slow  growth  rates. 

The  fact  that  the  two  peeling  thick- 
nesses were  different  in  both  recovery 
ratio  and  grade  complicates  this  compari- 
son.    Almost  all  of  the  timber  from  the 
thinned  stands  was  peeled  into  1/10-inch 
veneer.     A  large  majority  of  the  timber 
from  stands  with  either  slow  or  moderate 
early-growth  rates  was  peeled  into  1/6- 
inch  veneer. 

Veneer  from  thinned  and  unthinned 
stands.--  Linear  regression  analyses 
were  run  on  the  grade  No.  2  Sawmill 
blocks  peeled  1/10- inch  from  thinned 
and  unthinned  stands. 

Dependent  variables  were: 

1.  Recovery  ratio:    square  feet  veneer 
(3/8-inch  basis)  per  board  feet 
(Scribner  scale). 

2.  Cubic  volume  of  veneer  as  a  percent 
of  block  cubic  volume. 

3.  Cubic  volume  of  reject  as  a  percent 
of  block  cubic  volume. 

4.  Cubic  volume  of  veneer  and  reject  as 
a  percent  of  block  cubic  volume  with 
diameter  as  the  independent  variable. 

Analysis  of  covariance  determined 
that  there  was  no  statistically  significant 
difference  between  the  blocks  from  thinned 
and  unthinned  stands  in  any  of  these  tests. 

Fast-growing  and  slow-growing 
timber. — The  same  analyses  were  run  on 
the  lightly  stocked  and  moderately  or 
densely  stocked  stands,  with  all  of  the 
blocks  peeled  into  1/6-inch  veneer.    Again, 
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there  were  no  significant  differences  in 
the  amounts  of  veneer  recovered. 

Veneer  grade  and  growth  rate . — 
Linear  regression  and  analysis  of  covar- 
iance  were  run  to  test  if  there  was  any 
difference  in  veneer  grade  recovery 
between  the  lightly  stocked  and  the  mod- 
erately or  densely  stocked  stands.    The 
dependent  variable  was  percent  of  grades 
A  through  C  veneer  with  diameter  as  the 
independent  variable.    Both  the  slopes  of 
the  lines  and  the  means  of  the  lines  (fig.  11) 
were  different  at  the  1-percent  probability 
level. 

OTHER  PRODUCTS 

From  the  long  logs  brought  to  the 
mill  for  peeling  there  were  763  8-foot 
blocks  peeled.    In  addition,  there  were 
sixty  8-foot  blocks  from  7  to  11  inches 
in  diameter  with  a  net  scale  of  1,  290  feet 
which  were  not  peel  able  but  were  suitable 


for  studs,  and  thirteen  4-foot  blocks  from 
11  to  18  inches  with  a  gross  scale  of  360 
board  feet  suitable  for  peeling  on  a  core 
lathe.    There  were  also  739  peeler  cores 
suitable  for  making  studs  and  34  suitable 
only  for  chipping. 


SUMMARY  AND  CONCLUSIONS 

Second-growth  Douglas-fir  does 
represent  a  resource  suitable  for  the  pro- 
duction of  veneer,  particularly  in  the 
structural  sheathing  grades. 

The  combination  of  peeling  thickness 
and  clipping  patterns  produced  different 
veneer  grade  mixes,  with  a  higher  per- 
centage of  grades  A  through  C  being  pro- 
duced by  clipping  for  these  grades. 

Clipping  for  grade  caused  a  signifi- 
cant decline  in  the  recovery  ratio  but  no 
significant  drop  in  the  percent  of  block 
cubic  volume  recovered  as  veneer. 
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Figure  11. — Percent  of  veneer  in  grades 
A  through  C  over  diameter  for  blocks 
peeled  1/6-inch,    by  stocking. 


The  differences  in  grade  and  recov- 
ery are  partially  a  function  of  intended 
use.    Veneer  peeled  l/6-inch  is  used 
primarily  for  core  and  centers,  and  there 
is  a  tendency  to  "stretch"  grade  at  the 
clipper.     Full  sheets  of  1/10-inch  veneer 
are  much  more  susceptible  to  handling 
loss  than  are  half  sheets  of  1/6-inch 
veneer,  particularly  in  the  lower  grades. 
These  two  factors  partially  explain  the 
differences  in  grade  and  volume  recovery. 

The  lack  of  effect  of  thinning  on 
recovery  was  expected.    These  thinnings 
were  done  only  12  years  before  cutting 
and,  being  the  first  in  the  area,  were 
conservative. 

The  loss  in  grade  associated  with 
growth  rate  indicates  the  need  for  more 
and  better  information  on  this  problem. 
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APPENDIX  TABLES 


Appendix  1. --Block  distribution  by  veneer  thickness,  diameter,  and  grade 

(Number) 


Block 
diameter 
(inches) 


1/10-inch  veneer 


1/6-inch  veneer 


No.  3  Peeler 

and  Special 

Peeler 


No.  2     No.  3 
Sawmi 1 1   Sawmi 1 1 


Cull 


All 
grades 


No.  3  Peeler 

and  Special 

Peeler 


No.  2 

Sawmi 1 1 


No.  3 
Sawmi 1 1 


Cull 


All 
grades 


9 

0 

0 

1 

0 

1 

0 

0 

1 

0 

1 

10 

0 

0 

14 

0 

14 

0 

0 

15 

0 

15 

11 

0 

0 

20 

0 

20 

0 

0 

511 

1.) 

51) 

12 

0 

35 

0 

0 

35 

f) 

M3 

'I 

0 

5f, 

13 

0 

25 

1 

1 

27 

i) 

51 

n 

1 

52 

14 

0 

30 

2 

0 

32 

ii 

43 

il 

ii 

43 

15 

0 

31 

1 

0 

32 

0 

Ii 

ii 

1 

42 

16 

0 

22 

0 

0 

22 

0 

37 

1 

I' 

•;;-; 

17 

0 

15 

1 

1 

17 

0 

Jl 

1 

ii 

3.' 

18 

0 

1.1 

2 

0 

If. 

0 

27 

1 

0 

28 

19 

0 

17 

0 

0 

17 

1 

21 

1 

0 

23 

20 

2 

13 

1 

0 

16 

1 

;'l 

2 

0 

24 

21 

0 

ID 

0 

i 

11 

1 

'i 

0 

0 

10 

22 

3 

9 

.' 

1 

15 

1) 

in 

1 

1) 

11 

2  3 

2 

'1 

2 

0 

8 

1 

i. 

1 

1) 

8 

24 

3 

3 

1 

0 

7 

] 

8 

1 

II 

li) 

25 

2 

1 

i 

0 

6 

1 

6 

1 

0 

8 

26 

0 

1 

1 

0 

2 

0 

4 

3 

0 

7 

27 

0 

0 

II 

0 

0 

1 

2 

2 

0 

5 

28 

0 

1 

0 

0 

1 

0 

3 

3 

0 

6 

29 

0 

2 

1 

0 

3 

2 

0 

0 

0 

2 

30 

0 

1 

0 

0 

1 

0 

0 

0 

0 

0 

Total 

12 

236 

51 

4 

303 

" 

■:/!, 

K4 

2 

471 

1;") 


Appendix  2a.  -Veneer  recovery  by  grade,  item,  and  block  grade, 
blocks  peeled  1/10-inch 

(Square  feet) 


Total 


79     72    165    457 

SPECIAL  PEELER 


,599 


679   3,051 


Veneer  item 

Veneer  grade 

Total 

Reject 

A 

A  Patch 

B 

B  Patch 

C 

D 

Full  sheets 
Half  sheets 
Random  width,  8  feet 
Random  width ,  4  feet 

hi'. 

0 
11 

0 

68 
0 

4 
0 

NO.  3  PEELER 

0    311 

0    146 

165     0 

0     0 

1,040 
228 
265 

66 

506 
88 
63 
22 

1,993 
462 

5  OR 
88 

29 
82 

57 
0 

168 


Full  sheets 
Half  sheets 
Random  width , 
Random  width , 

8 

4 

feet 
feet 

0 
8 
0 

19 
0 

0 
0 

10 

0 

164 

0 

311 

49 

7 

0 

1,713 
258 

327 
109 

283 
87 

64 
35 

2,346 
394 

5  70 
144 

49 

39 

52 

0 

Total 

18 

19 

174 

367 

2,407 

469 

3,454 

140 

NO.  2 

SAWMILL 

Full  sheets 
Half  sheets 
Random  width , 
Random  width , 

8 

4 

feet 
feet 

ID 

0 

24 

0 

JO 
0 
7 

0 

10 

0 

467 
0 

827 

J  6! 
4 
0 

14,905 
4,941 
8,373 
2,018 

11,333 

5,928 

4,780 

962 

27,115 

11,130 

13,655 

2,980 

867 

1,873 

1,406 

0 

Total 

34 

37 

477 

1,092 

30,237 

23,003 

54,880 

4,146 

no.  3 

SAWMILL 

Full  sheets 
Half  sheets 
Random  width , 
Random  width , 

8 
4 

feet 
feet 

i) 
0 
0 
(1 

0 
0 

0 
0 

0 

0 

60 

0 

29 

0 
0 

0 

746 
492 

1  ,460 
304 

1,675 

1,110 

1,174 

194 

2,450 

1,602 

2,694 

498 

311 

576 

246 

0 

Total 


60 


29 


3,002 


4,153   7,244 


CULL 


133 


Full  sheets 

i) 

0 

0 

0 

0 

0 

0 

0 

Half  sheets 

0 

0 

0 

0 

10 

25 

35 

39 

Random  width , 

8  feet 

0 

0 

32 

0 

49 

42 

123 

45 

Random  width, 

4  feet 

0 

0 

0 

0 

46 

22 

68 

0 

Total 

0 

0 

32 

0 

105 

89 

226 

84 

1(1 


Appendix  2b.  -Veneer  recovery  by  grade,  item,  and  block  grade, 
blocks  peeled  1/6-inch 

(Square  feet) 


Total 


Half  sheets 

Random  width ,  8  feet 

Random  width,  4  feet 

Total 


Veneer  item 

Veneer  grade 

Total 

Reject 

A 

A  Patch 

B 

B  Patch 

C 

D 

Half  sheets 

Random  width,  8  feet 

Random  width,  4  feet 

0 
0 

0 

MO.    3  PEELER 

0           68     1,302 
0         160             0 
0             0             0 

1,033 

505 

85 

313 

79 
10 

2,716 

744 
95 

76 

274 
0 

0         228     1 ,302 
SPECIAL  PEELER 


,623 


402 


3,555 


0  38  93  1 

NO.    2  SAWMILL 


Half  sheets 

0 

0 

0 

3,304 

32 

Random  width , 

8  feet 

0 

0 

32  7 

0 

9 

Random  width , 

4  feet 

0 

0 

0 

0 

2 

159 


,971 
,236 

,044 


552 


,842 


350 


0 

0 

0 

93 

956 

389 

1,438 

51 

0 

0 

38 

0 

151 

135 

324 

2  3 

0 

0 

0 

0 

5,' 

28 

80 

0 

74 


32,946  69,221  1,691 
9,942  19,505  5,105 
1,940         3,984  20 


Total 

0 

0 

327 

NO.    3 

3,304 
SAWMILL 

44,251 

44,828 

92,710 

6 

,816 

Half  sheets 
Random  width , 
Random  width , 

8 
4 

feet 
feet 

0 

0 
0 

0 

0 
0 

0 

5  3 
0 

5  39 
0 
0 

2,685 

1,653 

328 

5,078 

2,307 

367 

8,302 

4,013 

695 

2 

304 

,044 

46 

Total 

0 

0 

53 

539 

4,666 

7,752 

13,010 

2 

394 

CULL 

Half  sheets 
Random  width, 
Random  width , 

8 

4 

feet 
feet 

0 
0 
0 

0 

0 
0 

0 
0 
0 

0 
0 

0 

127 

15 
25 

mi 

70 

3 

228 
85 

2,-: 

0 

11 
0 

Total 

0 

0 

0 

0 

167 

174 

341 

11 

17 


Appendix  3a.  -Percent  of  veneer  recovery  by  veneer  grade  and 
block  grade,  1/10-inch  veneer 


Block 
diameter 
(inches) 

Number  of 
blocks 

Total    veneer, 
3/8-inch  basis 

Veneer 

grade 

A 

A  Patch 

B 

B  Patch 

c 

D 

Square  feet 

_ 

NO.    3  PEELER 

24 

3 

1,747 

3.9 

2.2 

3.2 

12.2 

46.4 

32.1 

25 
Total   or 

2 

1,304 

.8 

2.5 

8.4 

18.6 

60.6 

9.1 

average 

5 

3,051 

2.6 
SPECIAL 

2.4 
PEELER 

5.4 

15.0 

52.3 

22.3 

20 
21 
22 

2 

0 
3 

867 

0 

0 

.6 

7.3 

77.2 

14.9 

1,441 

0 

0 

2.6 

.3 

75.8 

21.3 

23 

2 

1  ,146 

1.6 

1.7 

11.5 

26.1 

56.2 

2.9 

Total   or 
average 

7 

3,454 

.5 

.6 

5.0 

10.6 

69.7 

1  -l .  6 

NO.    2  SAWMILL 

12 

!5 

3,339 

0 

0 

.4 

1.2 

69.7 

28.7 

13 

25 

3,086 

.1 

0 

.5 

.3 

77.3 

21.8 

14 

■in 

4,606 

0 

0 

.2 

0 

71.1 

28.7 

15 

31 

5,425 

0 

0 

.4 

.4 

69.0 

30.2 

16 

22 

4,781 

0 

0 

.3 

.6 

71.2 

27.9 

17 

15 

3,484 

0 

0 

.3 

.3 

60.5 

38.9 

IK 

14 

3,805 

0 

.3 

.4 

.7 

46.7 

51.9 

I'J 

17 

5,251 

.2 

0 

.4 

.9 

53.5 

45.0 

,'<> 

1  < 

4,306 

.3 

0 

1.1 

1.0 

40.2 

57.4 

21 

111 

4,198 

.1 

.2 

2.0 

4.5 

60.3 

32.9 

22 

9 

3,885 

.1 

.3 

1.8 

5.1 

36.6 

56 .  1 

23 

4 

2,036 

0 

0 

.4 

Q 

31.7 

67.9 

24 

3 

981 

0 

0 

1.0 

0 

31.4 

67.6 

25 

3 

1,428 

0 

.5 

2.2 

.4 

4.8 

92.1 

26 
27 
28 

1 

(I 
1 

832 

.4 

0 

3.2 

1.7 

7.3 

81.4 

836 

0 

0 

4.1 

4.1 

17.9 

73.9 

29 

2 

1,638 

0 

n 

.2 

.6 

60.6 

38.6 

30 

1 

963 

0 

0 

4.8 

38.4 

50.4 

6.4 

r  u  t  a  1    or 

average 

236 

54,880 

.1 

.1 

.9 

2.0 

55.0 

41.9 

NO.    3  SAWMILL 

9 

1 

22 

ii 

0 

0 

ii 

77.3 

22.7 

Hi 

14 

768 

0 

0 

2  2 

0 

67.9 

29.9 

11 

20 

1,516 

0 

0 

1.1 

.7 

82.0 

16.2 

12 

0 

-- 

-- 

-. 

.- 

._ 

_. 



13 

1 

144 

0 

0 

0 

0 

76.4 

23.6 

14 

2 

214 

0 

0 

3.3 

0 

90.6 

6.1 

15 
16 
17 

1 

0 
1 

1 88 

0 

II 

0 

0 

46.8 

53.2 

204 

0 

0 

0 

0 

65.2 

34.8 

18 
19 

20 

2 
0 
1 

581! 

0 

0 

ii 

11 

3.3 

96.7 

309 

0 

0 

0 

0 

11.0 

89.0 

21 

0 

-- 

-- 

-- 

— 

— 

_- 

— 

22 

2 

f.tid 

0 

0 

.3 

0 

20.7 

79.0 

23 

2 

S.'i 

0 

II 

.1 

2.3 

6.7 

90.9 

24 

1 

1411 

(1 

0 

6.4 

0 

S.6 

90.0 

25 

1 

5114 

0 

n 

.4 

0 

36.3 

63.3 

26 

1 

411 

0 

0 

1.2 

0 

8.3 

90.5 

27 

0 

-- 

__ 

_. 

__ 



__ 



28 

0 

-- 

-. 

.. 

.. 





.. 

29 
Total   or 
i  lerage 

1 

755 

0 

0 

0 

0 

30.1 

69.9 

51 

7,244 

0 

0 

.8 

.4 

41.4 

57.4 

CULL 

13 

14 

1 

711 

0 

0 

14    i 

il 

58.6 

27.1 

0 

15 

0 

._ 

.. 

__ 

_. 

„ 

.. 

16 

11 

-- 

-. 

__ 

.. 

'.. 

_. 

._ 

17 

18 

1 

8 

0 

0 

0 

0 

25.0 

75.0 

(1 

-- 

-- 

" 

-- 

-- 

-- 

-- 

19 

0 

-- 

__ 

__ 

__ 

__ 

20 

0 

-- 

-- 

.. 

.. 

__ 

._ 



;i 

1 

7  9 

0 

0 

27.8 

0 

48.1 

24.1 

22 

1 

69 

0 

0 

0 

0 

34.8 

65.2 

Total   or    - 

average 

4 

226 

0 

0 

14.2 

0 

46.4 

39.4 

IS 


Appendix  3b  -Percent  of  veneer  recovery  by  veneer  grade  and 
block  grade,  1/6-inch  veneer 


Block 

diameter 
(inches) 


Number  of 
blocks 


Total   veneer, 
3/8-inch  basis 


Veneer  grade 


B  Patch 


.'4 
25 
26 
27 
28 
29 
Total  or  - 
average 


20 
21 
22 

23 
Total   or  - 
average 


Square  feet 


621 
611 


352 

,971 


NO.    3   PEELER 


0  .  H 
4./ 


7.4 
8.5 


54.4 
54.1 


2.3 
31.8 


39.3 
S8.6 


80.6 
43.6 


5.5 
2.6 


9.7 
16.1 


3,555 


425 

Nil 

492 


SPECIAL   PEELER 


.9 

0 

f.   'i 


1.9 

85.7 

11.5 

0 

86.2 

13.8 

" 

69.9 

23.2 

15.9 


21.5 


62.6 


12 
13 
14 

1'. 
lh 
17 

IK 

19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
Total  or  ■ 
average 


9 
10 
II 
12 
13 
14 
15 
U 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
Total  or  ■ 
average 


13 
14 
15 
Total   or  - 
average 


51 

43 

41 

57 

II 

27 

21 

21 

9 

10 

6 

8 

6 

4 

2 

3 


376 


1,842 


5,254 
6,022 
6,418 
7,363 
8,723 
8,572 
8,732 
6,983 
8,347 
3,943 
4,241 
3,431 
4,457 
3,995 
2,577 
1,247 
2,405 


92,710 


42 
1,047 
3,908 


91 

ii2 
222 
97 

/mi 

<7« 
517 
573 
592 

1,399 
827 

2,285 


13,010 


110 
231 


NO.    2   SAWMILL 


.1 
.3 
.2 
.1 

0 
.6 
.3 
.6 

0 
.2 
.2 
.8 
.2 

2.3 
.4 

1   0 


0  0 

NO.    3   SAWMILL 


n 
0 

(I 
(1 

0 

o 
o 

0 
0 
0 
2.3 


0  0 

LULL 

0  0 

0  0 


.6 

61.9 

37.5 

1.4 

63.2 

35.3 

2.4 

55.9 

41.4 

.2 

46.5 

53.1 

1.0 

46.6 

52.3 

1.6 

50.6 

47.8 

4.6 

51.1 

43.7 

2.0 

38.9 

58.8 

9   8 

51.5 

38.1 

2.3 

40.2 

57.5 

1.6 

34.3 

63.9 

2.0 

41.8 

56.0 

4.4 

19.4 

55.4 

6.8 

58.0 

35.0 

23.0 

32.9 

41.8 

8.8 

15.2 

75.6 

1.7 

29.6 

67.7 

76.2 
56.3 
60.2 


23.8 
43.7 
39.2 


1) 

0 

100.0 

0 

11.1 

88.9 

1) 

0 

100.0 

0 

4.1 

95.9 

0 

8 .  7 

91.3 

0 

19.3 

80.7 

0 

1  i   'i 

86.1 

1.4 

20.9 

77.7 

1    4 

29.2 

69.4 

3.0 

24.2 

72.8 

0 

2.4 

97.6 

20.0 

34.7 

43.0 

41.8 

58 . 2 

52   4 

47.6 

49.0 

51.0 

19 


Appendix  4a. -Veneer  recovery  and  cubic  volumes,  by  block  grade  and  diameter, 

3/8-inch  basis,  1/10-inch  veneer 


Block 

diameter 
(inches) 


Number  of 
blocks 


Scribner  scale 


Percent 
sound 


Veneer, 
3/8- inch 
basis 


Recovery 
ratio 


Block 


Reject 


Core 


Residual 


24 

25 
Total   or  _ 
average 


20 
21 
22 
23 
Total  or  - 
average 


Board  feet- 


Square  feet 

NO.    3  PEELER 


-Cubic  feet- 


b  10 

400 


69" 
420 


1,747 
1,304 


2.96 
3.10 


83.16 
74.52 


53.00 
39.57 


3.49 
1.60 


5.26 
3.42 


21.41 
29.93 


280 


510 

!f:o 


1,010 


4  70 

340 


4  3 


100 
92 


3,051 


3.02 


SPECIAL  PEELER 


80  7 


1  ,441 
1  ,146 


3.10 


3.07 
3.37 


157.68 


70.68 
52.71 


26.29 


43.71 
34.73 


3.83 
.41 


5.25 
3.55 


51.34 


12.33 


17.89 

14.02 


1,170 


1,090 


4  3 


3,454  3.17 

NO.    2  SAWMILL 


165.49 


4.24 


12.28 


44.24 


12 
13 

14 
15 
lb 
17 
18 
19 
20 
21 
::: 

2  3 
24 
25 
26 
27 
28 
29 
30 
Total  or  - 
average 


9 

10 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
2: 

2  3 
.'4 
25 
26 
2  7 
28 
29 
Total  or  ■ 
average 


35 

25 

in 

31 

22 

15 

14 

17 

13 

in 

9 

4 

3 

3 

1 

0 

1 

2 

1 


1,400 

1,400 

100 

1,250 

1,230 

98 

1,800 

1,800 

100 

2,170 

2,170 

100 

1,760 

1,750 

94 

1  ,350 

1,310 

97 

1,540 

1,500 

97 

2,040 

1,890 

9  3 

1,820 

1,660 

9! 

1,500 

1,410 

94 

1,530 

1,470 

96 

760 

760 

100 

630 

440 

78 

0  40 

690 

100 

2  50 

250 

100 

2  40 

220 

76 

620 

020 

100 

3  30 

Mil 

1(10 

3,339 
3,086 
4,606 
5,425 
4,781 
3,484 
3,805 
5,251 
4,306 
4,198 
3,885 
2,036 

981 
1,428 

832 

836 

1,638 

963 


2.38 
2.51 
2.56 
2.50 
2.73 
2.66 
2.54 
2.78 
2.59 
2.98 
2.64 
2.68 
2.00 
2.07 
3.33 

3.80 
2.64 
2.92 


259.02 
215.23 
292.19 
346.88 
280.56 
221.11 
219.66 
306.20 
264.21 
212.87 
212.88 
105.56 
81.34 
94.07 
37.60 

47.91 
78.66 
49.33 


101.11 
93.39 
139.37 
164.34 
144.80 
105.65 
1 1 5 .  49 
159.11 
130.45 
127.29 
117.75 
61.75 
29.69 
43.22 
25.24 

25.33 
49.60 
29.18 


9.04 
3.65 
6.17 

10.50 
6.32 
6.90 
8.44 
8.79 

10.22 
6.18 

13.18 
3.09 

12.65 

11.98 
.96 

2.57 
3.87 

.74 


62.51 

45.76 

51.38 
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Appendix  4b. -Veneer  recovery  and  cubic  volumes,  by  block  grade  and  diameter, 

3/8-inch  basis,  1/6-inch  veneer 


Block 
diameter 
(inches) 

Number  of 
blocks 

Scribner  scale 

Percent 
sound 

Veneer, 
3/8-inch 
basis 

Recovery 
ratio 
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Appendix  5. --Veneer  recovery  by  grade,  item,  and  log  grade 

(Square  feet) 
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The  mission  of  the  PACIFIC  NORTHWEST  FOREST 
AND  RANGE  EXPERIMENT  STATION  is  to  provide  the 
knowledge,  technology,  and  alternatives  for  present  and 
future  protection,  management,  and  use  of  forest,  range,  and 
related  environments. 

Within  this  overall  mission,  the  Station  conducts  and 
stimulates  research  to  facilitate  and  to  accelerate  progress 
toward  the  following  goals: 

1.  Providing  safe  and  efficient  technology  for  inventory, 
protection,  and  use  of  resources. 

2.  Development  and  evaluation  of  alternative  methods 
and  levels  of  resource  management. 

3.  Achievement  of  optimum  sustained  resource  produc- 
tivity consistent  with  maintaining  a  high  quality  forest 
environment. 

The  area  of  research  encompasses  Oregon,  Washington, 
Alaska,  and,  in  some  cases,  California,  Hawaii,  the  Western 
States,  and  the  Nation.  Results  of  the  research  will  be  made 
available  promptly.  Project  headquarters  are  at: 

Fairbanks,  Alaska  Portland,  Oregon 

Juneau,  Alaska  Olympia,  Washington 

Bend,  Oregon  Seattle,  Washington 

Corvallis,  Oregon  Wenatchee,  Washington 
La  Grande,  Oregon 


Mailing  address:     Pacific  Northwest  Forest  and  Range 
Experiment  Station 
P.O.  Box  3141 
Portland,  Oregon  97208 


The  mission  of  the  PACIFIC  NORTHWEST  FOREST 
AND  RANGE  EXPERIMENT  STATION  is  to  provide  the 
knowledge,  technology,  and  alternatives  for  present  and 
future  protection,  management,  and  use  of  forest,  range,  and 
related  environments. 

Within  this  overall  mission,  the  Station  conducts  and 
stimulates  research  to  facilitate  and  to  accelerate  progress 
toward  the  following  goals: 

1.  Providing  safe  and  efficient  technology  for  inventory, 
protection,  and  use  of  resources. 

2.  Development  and  evaluation  of  alternative  methods 
and  levels  of  resource  management. 

3.  Achievement  of  optimum  sustained  resource  produc- 
tivity consistent  with  maintaining  a  high  quality  forest 
environment. 

The  area  of  research  encompasses  Oregon,  Washington, 
Alaska,  and,  in  some  cases,  California,  Hawaii,  the  Western 
States,  and  the  Nation.  Results  of  the  research  will  be  made 
available  promptly.  Project  headquarters  are  at: 

Fairbanks,  Alaska  Portland,  Oregon 

Juneau,  Alaska  Olympia,  Washington 

Bend,  Oregon  Seattle,  Washington 

Corvallis,  Oregon  Wenatchee,  Washington 
La  Grande,  Oregon 


Mailing  address:    Pacific  Northwest  Forest  and  Range 
Experiment  Station 
P.O.  Box  3141 
Portland,  Oregon  97208 


The  FOREST  SERVICE  of  the  U.  S.  Department  of  Agriculture 
is  dedicated  to  the  principle  of  multiple  use  management  of  the 
Nation's  forest  resources  for  sustained  yields  of  wood,  water, 
forage,  wildlife,  and  recreation.  Through  forestry  research,  co- 
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SUMMARY 

The  new  timber  cruising  grades  can  be  used  by  timber  purchasers 
and  mill  operators  to  estimate  veneer  grade  yield  percentages.     Figures 
of  curved  veneer  grade  recovery  and  tables  of  uncurved  average  recovery 
values  are  presented  for  the  logs  used  in  the  log  grade  development 
analysis. 

The  amount  of  veneer  recovered  per  unit  of  log  input  in  this  sample 
increased  with  higher  grade  logs;  recovery  ratio  increased  from  2.02  for 
grade  No.  4  logs  to  2.  93  for  grade  No.   1  logs. 

There  is  a  strong  relationship  between  the  grade  of  a  log  and  the 
veneer  grades  recovered.    Tables  are  provided  for  estimating  veneer  grade 
recovery  percentages. 

Relationship  of  new  grades  to  present  grades  can  be  determined 
from  log  grade  distribution  tables. 

An  example  is  presented  of  how  to  estimate  veneer  grade  yield 
from  cubic  volumes. 

KEYWORDS:    Douglas-fir,  veneer/plywood  mill  products, 
log  grading,  cruising  (forest). 
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INTRODUCTION 

This  paper  presents  veneer  recovery  information  by  the  new  timber 
cruising  grades  (S,  5)  developed  for  old-growth  Coast  Douglas-fir.     The  new 
log  grades  were  developed  by  analysis  of  the  recovery  data  and  timber  charac- 
teristics from  a  series  of  10  lumber  and  veneer  recovery  studies  in  west-side 
Washington,  Oregon,  and  California.     Timber  quality  characteristics  and  yields 
of  lumber  and  veneer  were  measured  from  more  than  1,000  trees  throughout 
the  Douglas-fir  region  of  these  States.    About  one-fourth  of  these  trees  were 
processed  at  the  10  veneer  mills. 

An  adequate  log  or  tree  grading  system  for  a  given  species  is  developed 
from  analytical  studies  of  timber  characteristics  and  their  relationship  to  end 
product  yields  and  values.     The  new  log  grading  system  for  Douglas-fir,  on 
which  these  recovery  data  are  based,   is  that  type  of  system. 

Recent  publications  (4S  6)  give  lumber  and  veneer  yields  based  on  the 
present  Forest  Service  sawmill  log-peeler  log  grading  criteria  for  Douglas-fir. 

The  study  trees  were  selected  to  be  representative  in  size  and  quality  of 
west- side  commercial  Douglas-fir  timber.     Logs  from  these  trees  were  not 
intended  to  be  representative  of  the  typical  log  mix  at  a  mill. 

Logs  were  bucked,   sawn,   and  peeled  according  to  normal  practice  at  each 
study  mill.     Public  agency  check  scalers  or  scaling  supervisors  scaled  all 
study  logs  according  to  uniform  Bureau  rules.  1/    These  rules  are  described 
as  Forest  Service  instructions  for  west-side  log  scaling  and  grading.     The 
lumber  was  graded  by,  or  under  the  direct  supervision  of,  a  quality  supervisor 
of  the  Western  Wood  Products  Association,   West  Coast  Lumber  Inspection 
Bureau,  or  the  Pacific  Lumber  Inspection  Bureau.    All  veneer  was  graded  by, 
or  under  the  supervision  of,  the  American  Plywood  Association  or  the  Timber 
Engineering  Company  quality  supervisors. 

RECOVERY  BASIS 

Recovery  data  for  dry,  untrimmed  veneer  are  presented  on  the  short  log 
or  two-block  basis.     This  approximates  the  Forest  Service  cruise  log  length 
where  grades  are  based  on  multiples  of  16  feet  through  the  first  three  32-foot 
logs.     Each  tree  was  graded  in  multiples  of  the  actual  two-peeler-block  log. 
Because  of  broken  or  cull  segments  and  odd  numbers  of  blocks  per  tree,    an 
occasional  log  length  is  8  feet  or  26  feet  (one  or  three  blocks  per  log). 


—    Bureau  rules  as  contained  in  the  Columbia  River  Log  Scaling  and  Grading  Rules  Book 
or  the  Official  Log  Scaling  and  Grading  Rules  Book  used  by  all  other  Bureaus  depending  upon 
location. 


A  diagram  of  size,  position,   and  type  of  all  surface  characteristics  was 
prepared  for  each  study  log.     Existing  and  trial  grading  specifications  were 
applied  to  diagrams  to  determine  the  grade  of  each  log.     Upon  completion  of 
the  development  and  testing  of  the  grading  system,  the  study  logs  were  graded 
by  applying  the  final  specifications  to  these  diagrams. 

FELLING  AND  BUCKING 

The  study  trees  were  felled  and  bucked  into  logs  following  practices  similar 
to  those  of  each  cooperating  mill.    Trees  designated  for  the  veneer  sample  were 
bucked  into  multiples  of  8-foot  peeler  blocks.     Each  log  was  tagged  to  identify 
its  origin  as  to  sample  area,  tree  number,   and  position  in  the  tree.     This  identi- 
fication was  maintained  throughout  the  data  collection  and  analysis  phases.     The 
logs  from  each  entire  veneer  sample  tree  were  usually  sent  to  the  veneer  mill. 
Limitations  placed  on  blocks  bucked  for  peeling  were  diameters  large  enough 
and  blocks  sound  enough  to  be  held  in  the  lathe  chucks. 

VENEER  PEELING  AND  TALLYING 

The  study  logs  were  peeled  under  nearly  normal  production  conditions. 
Equipment,  manufacturing  methods,   and  product  output  in  the  10  sample  mills 
were  representative  of  general  industry  practices  in  the  west-side  Douglas-fir 
region.     Mill  equipment  generally  included  an  8-foot  lathe  with  retractable 
chucks,  core  saw,  clippers,  one  to  three  veneer  dryers,  and  associated  panel 
layup  equipment. 

Blocks  were  peeled  and  veneer  was  clipped  to  recover  the  optimum  value 
of  each  log  within  the  cooperating  mills'  normal  manufacturing  procedures  for 
producing  standard  veneer  items.     Log  identity  was  maintained  on  each  piece  of 
veneer  throughout  the  manufacturing  process  from  lathe  to  dry  veneer  grading 
and  tallying. 

Veneer  items  produced  were  graded:    A,  A  patch  (maximum  of  14  patches 
per  4-  by  8-foot  sheet),  B,  B  patch  (maximum  of  20  patches  per  4-  by  8-foot 
sheet),    C,    or  D. 

COMPILATION  OF  DATA 

The  amount  of  dry,  untrimmed  veneer  recovered  from  a  peeled  block  was 
determined  by  a  count  of  full  and  half  sheets  and  actual  width  measurement  of 
each  piece  of  8-foot- random  strip,  4-foot  core,  or  fishtail  veneer.    An  average, 
untrimmed,  dry  veneer  width  and  thickness  were  determined  for  each  mill  from 
sample  measurements  taken  during  each  study.     These  measurements  were 
used  to  calculate  cubic-  and  square-foot  volumes.     The  combination  of  volumes 
of  random  width  strips    and  half  and  full  sheets  gives  the  veneer  recovery  of 
each  block. 

This  veneer  grade  tally  for  the  peeled  blocks  is  expressed  on  a  square-foot, 


3/8-inch  basis.     Cubic  volumes  are  presented  for  each  block  and  for  the  total 
of  A,  B,   C,   and  D  grade  veneer,  core,  below  grade  veneer,   and  residue  com- 
ponents of  the  block.     Cubic  volumes  of  individual  peeler  block  were  summed 
for  log  volume.     The  cubic  block  volume  was  computed  by  the  formula: 

Cubic  volume  =  0.  001818 L      (D2a  +  D     D     +  D2T) 

o  o       Li  u 

where  0.  001818  is  a  constant 

L      is  the  actual  block  length  in  feet 

D      is  the  average  small  end  block  diameter  in  inches 

D      is  the  average  large  end  block  diameter  in  inches. 

Residue  volume  was  obtained  by  subtracting  the  veneer,  core,  and  below 
grade  veneer  volumes  from  the  block  volume.  The  residue  total  includes  spur, 
roundup  loss,   green  clipper  loss,   and  shrinkage  (7). 

Veneer  grade  yield  for  the  logs  was  obtained  by  combining  veneer  recovery 
from  all  blocks  of  the  log. 

DISCUSSION  OF  RESULTS 

LOG  SCALE  AND  PERCENT  DEFECT 

The  1,484  logs  in  this  study  averaged  25.5  inches  in  diameter  and  17  feet 
in  scaling  length.     All  logs  were  at  least  one-third  sound  as  determined  by  the 
scaler  in  accordance  with  practices  in  use  in  the  west-side  Douglas-fir  region. 
Figure  1  shows  the  relationship  of  percent  defect  to  diameter  for  all  logs.     The 
increased  defect  expected  from  larger  diameter  logs  is  evident  in  figure  1. 
The  average  gross  and  net  scales  for  logs  in  each  grade  are  shown  in  table  1. 

The  average  defect  percentages  for  the  sample  No.   1  through  No.  4  logs  were 
12.0,   10.8,  9.3,  and  14.  5  percent,  respectively.   Defect  was  lowest  for  the 
No.  3  logs,  which  are  usually  the  small  diameter  upper  logs.     The  reader 
should  recognize  that  the  defect  percentages  by  log  grades  applies  to  this  mix 
of  log  sizes  and  soundness.     They  do  not  establish  defect  levels  for  the  respec- 
tive log  grades.     There  was  no  significant  difference  (5-percent  level)  in  defect 
percentage  between  the  four  log  grades. 

VENEER  RECOVERY  RATIO 

The  uncurved  recovery  ratios  for  each  log  grade  diameter  class  are 
presented  in  appendix  tables  2  to  6.     Veneer  recovery  ratio  is  the  estimate  of 
square  feet  of  veneer,   3/8-inch  basis,  per  board  foot  of  scale  and  is  based  on 
the  net  log  scale  and  square  feet  of  dry,     untrimmed    veneer  produced  from  the 
log.     The  reader  should  make  a  reduction  of  approximately  16  percent  (2  )  to 
estimate  trimmed  panel  recovery(s).     This  reflects  the  industry  practice  of 
basing  recovery  ratio  on  the  trimmed  panel. 
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Figure    1. --Percent   defect  by    small   diameter    for   all    logs. 


Table  1.— Summary  of  log  recovery,  volume,  and  defect  by  grades 


Item 


Log  grade 


All  logs 


Total  study  veneer  recovered 

by  log  grade percent  21.6  30.1  32.9  15.0  100.0 

Veneer  recovery  ratio-  2.93  2.89  2.66  2.02  2.65 

Total  cubic  recovery  in — 

Veneer  grades  A,  B,  C,  D   percent  58.4  58.0  54.0  37.8  52.5 

Below  grade  veneer  ------  percent  .9  1.9  6.4  13.9  5.7 

Core percent  8.0  8.9  10.2  11.0  9.6 

Residue percent  32.7  31.2  29.4  37.3  32.2 

Number  of  logs  207  371  563       343  1,484 

Average  log  diameter  -  inches  30.6  27.2  23.6  23.8  25.5 

Average  gross  log  scale  board  feet  802  634  478       503  568 

Average  net  log  scale  -  -  -  -  board  feet  706  565  434       430  504 

Average  defect percent  12.0  10.8  9.3  14.5  11.3 

—  Square  feet  of  dry,   untrimmed  veneer  (3/8-inch  basis)  per  board  foot  of  net  log  scale. 


CUBIC  RECOVERY  PERCENTAGE 

Interest  is  increasing  in  the  forest  products  industry  for  use  of  cubic 
recovery  estimates  of  product  recovery  rather  than  recovery  estimates  from 
log  scaling.    Appendix  tables  2  to  6  give  total  cubic  volumes  for  the  study 
sample  of  logs  and  the  veneer  recovered.    These  are  uncurved  values.    In 
figures  2  and  3,  expressions  of  recovery  are  presented  as  ratios  that  use 
cubic  feet.    They  show,  respectively,  for  this  sample  the  relationships  of 
cubic  feet  of  dry,  untrimmed  veneer  and  square  feet  of  dry,  untrimmed  veneer 
recovered  per  cubic  foot  of  log  volume  by  small  diameter. 

Figures  2  and  3  show  separate  curves  of  recovery  for  each  log  grade  and 
all  grades  combined.    There  is  no  significant  difference  between  the  curves  for 
grades  1  and  2  in  either  figure.     Also,  only  the  average  is  shown  for  grade  4 
in  both  figures.    The  following  tabulation  of  log  grades  shows  the  regression 

o 
coefficient  (R     values)  for  both  figures: 

Log  grade  Figure  2  Figure  3 


■    R 

values  - 

No.    1 

40.1 

43.1 

No.   2 

50.9 

48.7 

No.   3 

77.4 

75.4 

No.  4 

(2/) 

(1/) 

All  grades 

16.7 

16.0 

The  recovery  curves  in  figures  2  and  3  and  the  defect  curve  in  figure  1 
closely  reflect  a  pattern  of  theoretical  veneer  recovery  shown  by  Bruce  (1). 
In  figure  6  of  his  report,  he  shows  a  certain  minimum  volume  of  wood  required 
to  produce  a  veneer  core.    The  percentage  of  the  block  left  in  the  core  is  great- 
est in  small  diameter  blocks.     It  is  fairly  constant  in  larger  blocks,  those  over 
20  inches  in  diameter.    Therefore,  when  defect  increases  in  larger  blocks  as 
shown  in  figure  1,  the  result  is  larger  cores  left  from  peeling  the  larger  blocks. 
This  in  effect  reduces  the  veneer  recovery  from  the  larger  blocks.    As  shown 
in  figures  2  and  3,  the  yield  of  veneer,  whether  expressed  as  cubic  feet  or 
square  feet  per  cubic  foot  of  block  volume,  drops  off  for  the  larger  diameters. 

DISTRIBUTION  OF  VENEER  ITEMS 

Mills  in  these  studies  peeled  one  or  more  veneer  thicknesses — 1/10-, 
1/8-,  and  1/5-inch.     The  1/10- inch  veneer  accounted  for  87  percent  of  the 
total  volume  and  the  1/8-  and  1/5-inch  accounted  for  11  percent  and  2  percent, 
respectively.     The  entire  volume  of  1/5-inch  veneer  was  produced  as  half 
sheets,   approximately  26  by  101  inches,  green  size. 


— '  Curve  not  significant,  average  plotted. 
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REGRESSION  EQUATIONS: 
Grade  No.    1,   Y  =  0.2493  +  0.0229  (diameter)  -  0.0004  (diameter2) 
Grade  No.  2,  Y  =  0.2246  +  0  0212  (diameter  -  00003  (diameter2) 
Grade  No.  3,  Y  =  0.1198  +  0.0293  (diameter)  -  0.0005  (diameter2) 
Grade  No    4,  Y  =  Average  of  0.36 
All  grades,  Y  =  0.2020  +  00208  (diameter)  -  0.0003  (diameter2) 


Grade  No. 
All  grades 
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iGrade  No.  3 
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Figure  2. — Ratio  of  cubic  feet  of  veneer  volume  per  cubic  foot  of  log  volume 
by  small  diameter  for  each  log  grade. 
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REGRESSION  EQUATIONS: 

Grade  No.  1,  Y  =  8.0083  +  0.7672  (diameter) 

Grade  No.  2,  Y  =  7.4973  +  0.6965  (diameter) 

Grade  No.  3,  Y  =  4.5025  +  0.9124  (diameter) 

Grade  No.  4,  Y  =  Average  of  11.6 

All  grades,  Y  =  6.8685  +  0.6693  (diameter)  -  0.0103  (diameter2) 


0.0121  (diameter2) 
0.0099  (diameter2) 
0.0149  (diameter2) 


Grade  No. 


>Grade  No    2 
•  Grade  No.  1 

All  grades 
.Grade  No    3 
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Figure  3. --Ratio  of  square  feet  of  dry,  untrimmed  veneer  (3/8-inch  basis) 
per  cubic  foot  of  log  volume  by  small  diameter  for  each  log  grade. 


Full  sheets  of  veneer  represented  39.  5  percent  of  the  study  volume  with 
all  but  4.2  percent  in  the  1/  10-inch  thickness  (table  11).     Half  sheets  made  up 
29.8  percent  of  the  total  study  volume;  random  width,  8-foot  strips — 24.3  percent; 
and  short  core  or  fishtail  veneer,  6. 4  percent. 

Thicker  veneers  were  peeled  in  greatest  volume  from  the  lower  grade  logs. 
Only  4.  2  percent  of  the  veneer  volume  from  No.   1  logs  was  1/8-inch  thick,  but 
18.4  percent  of  the  No.  4  log  volume  was  peeled  into  1/8-inch  veneer.     Over 
52  percent  of  the  1/5-inch  veneer  came  from  No.  3  logs  alone  with  98.  6  percent 
from  Nos.  2,  3,   and  4  logs  combined. 

Distribution  of  veneer  volume  by  log  grade  and  number  of  logs  is  shown 
in  figure  4. 
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Figure  4. --Distribution  of  veneer  volume  and  number  of  logs  by  log  grade. 


Appendix  tables  7  to  11  detail  the  distribution  of  veneer  grades  and  items 
by  thickness  for  each  log  grade.     The  decrease  in  amount  of  upper  grade  veneer 
from  No.    1  to  No.  4  logs  can  be  tabulated  from  these  tables.     For  example,  the 
following  were  summarized  from  full  sheet  and  random  width  8-foot-strip  entries 
in  tables  7  to  11: 

This  tabulation  shows  that  85  percent  of  the  1/8- inch  full  sheet  veneer 
from  No.   1  logs  was  B  patch  and  higher  grades  (table  7).     In  contrast,  only 
19  percent  (2  percent  A  patch  and  17  percent  B  patch)  was  recovered  from 
No.  4  logs  (table  10). 

Log  grade  A  to  B  patch,  full  sheets 

1/10-inch  1/8-inch 

-   -   -  Percent  -   -   - 


1 

52 

85 

2 

50 

65 

3 

IS 

:!i 

4 

11 

19 

In  the  following  tabulation,  28  percent  of  the  1/10-inch  random  width, 
8-foot  veneer  from  No.   1  logs  was  in  veneer  grades  A  to  B  patch,  but  only  13 
percent  was  recovered  from  No.  4  logs. 

Log   grade  A  to   B   patch,  random   width,  8-foot  strips 

1/10-inch  1/8-inch 

-   -   -  Percent   -   -   - 

1  28  44 

2  23  33 

3  15  20 

4  13  12 

The  1/5-inch  veneer  was  clipped  entirely  into  half  sheets  and  produced 
only  grade  C  and  D  veneer. 

All  1/8-inch  core  or  random  width  fishtail  veneer  was  graded  as  C  or  D 
veneer.     The  amount  of  C  veneer  in  this  item  was  98  percent  for  No.   1  logs  but 
only  38  percent  for  No.  4  logs  (appendix  tables  7  and  10). 

VENEER  GRADE  RECOVERY 

Figure  5  shows  the  curved  recovery  data  and  the  mean  for  each  veneer 
grade.     The  individual  grade  curves  of  estimated  veneer  recovery  percentages 
are  plotted  on  a  cumulative  basis.     The  reader  is  reminded  that  when  a  group 
of  curves  is  plotted  to  total  100  percent,  any  regression  line  plotted  over 
another  regression  line  is  forced  to  assume  somewhat  the  shape  of  the  lower 
line.     However,  the  difference  between  the  lines  at  a  diameter  class  is  the 
value  to  be  noted.     The  veneer  recovery  percentages  total  100  percent  for  any 
diameter  class.     For  example,  in  figure  5,  the  20-inch  No.   1  logs  recovered 


A  patch 


B  patch 


lOOi- 


10  20  30  40 

DIAMETER  (inches) 


MEAN  GRADE  RECOVERY 


Veneer  grade  1 


Log  grade 
2  3  4 


Combined 


A 

5  0 

2  7 

Percent 
0  9 

12 

2  0 

A  patch 

15.0 

9  8 

3.3 

2  2 

6  3 

B 

6  8 

3  9 

1  4 

1  7 

2.8 

B  patch 

14  4 

12.9 

6  3 

3  9 

8  5 

C 

40  4 

40.5 

26  1 

14  1 

28  9 

D 

18  4 

30  2 

62.0 

76.9 

51     5 

Total       100  0      100  0      100  0      100  0        100  0 
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BO 


20     30      40 
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Figure  5. --Veneer  grade  recovery  percentages  by  log  diameter  and  grade. 
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2-percent  A,   11-percent  A  patch,  4-percent  B,   13-percent  B  patch,  51-percent 
C,  and  19-percent  D.     Appendix  tables  12  to  16  show  actual  veneer  grade  recov- 
ery percentages  by  log  scaling  diameter  for  each  log  grade.     The  uncurved 
recovery  percentages  in  table  12  for  the  20-inch  No.   1  logs  are  1.  0-percent  A, 
13.7-percent  A  patch,  4.  1-percent  B,   13.3-percent  B  patch,  60.8-percent  C, 
and  7. 1- percent  D. 

RELATIONSHIP  OF  NEW  GRADES  TO 
PRESENT  PEELER-SAWMILL  GRADES 

The  mill  operator  and  timber  purchaser  usually   know  veneer  yield  per- 
centages by  the  present  Peeler-Sawmill  log  grading  system.     Appendix  tables 
17  and  18  are  shown  to  provide  a  means  of  comparing  where  logs  graded  under 
the  new  system  rank  when  graded  under  present  grades.     For  example,  in 
table  17,  42  percent  of  the  logs  under  grade  No.   1  would  be  No.  3  Peeler  under 
the  present  system.     Table  18  shows  that  54  percent  of  all  No.  3  Peeler  logs 
when  regraded  were  the  new  No.   1  grade. 

The  reader  at  this  point  may  want  to  refer  to  page  9,  figure  6,  of  USDA 
Forest  Service  Research  Paper  151  ( 5  )  for  the  curves  of  dollars  per  thousand 
board  feet  net  log  scale  plotted  over  scaling  diameter.     As  noted  earlier,  log 
size  is  not  a  grading  specification.     These  curves  of  log  value  over  diameter 
are  used  to  reflect  value  differences  due  to  log  size.     Many  of  the  No.  3  Peeler 
grade  logs  were  so  graded  because  of  diameter.    However,  the  new  grade 
specifications  show  that  these  logs  are  No.   1  based  on  veneer  recovery  values. 
Tables  of  diameter  and  yield  percentages  such  as  tables  12  to  16  reflect  the 
veneer  grade  recovery  difference  due  to  log  size. 

Under  the  new  grading  system  some  logs  also  ended  up  in  lower  grades. 
Table  18  shows  that  only  70  percent  of  the  No.   1  Peeler  grade  logs  qualified 
for  the  new  No.   1  grade.     Logs  not  qualifying  were  degraded  for  such  reasons 
as  being  adjacent  to  a  cull  log  or  having  excessive  butt  swell,  an  indication 
of  rot. 

REGRESSION  EQUATIONS 
FOR  FIGURE  5 

The  regressions  in  figure  5  estimate  yield  percentages  by  veneer  and  log 
grades.     These  are  first  and  second  degree  curves  of  the  form: 

P  =  a  +  b  D  +  b  D2 
where 

P    =  veneer  yield  percentage 

a    =  curve  intercept  point  of  the  percentage  axis 

b    =  regression  coefficient  (constant) 

D    =  log  scaling  diameter. 

The  regression  equations  are  summarized  in  appendix  table  19. 
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HOW  TO  ESTIMATE  VENEER  GRADE 
RECOVERY  FROM  CUBIC  VOLUME 

A  mill  manager  having  a  cubic-foot  estimate  of  log  or  block  input  volume 
for  veneer  can  use  -the  figures  and  tables  in  this  report  to  easily  estimate: 
Total  square  feet  of  veneer  to  be  recovered; 
Veneer  yield  by  log  grades;  and 
Veneer  grade  recovery  for  a  mix  of  log  grades  and  diameter  classes. 

The  following  example  develops  steps  to  make  these  estimates.    The  first 
information  developed  in  this  example  is  a  total  cubic-foot  input  volume  estimate. 
It  is  assumed  that  a  mill  manager  could  obtain  this  type  of  information — from 
bucking  records  at  the  pond  saw  or  a  tally  of  log  or  block  diameters  made  at 
the  veneer  lathe.    Steps  1,  2,  and  3  develop  this  value  for  the  example. 

1.    Identify   log  grade  and  size  distribution.      A  mixture  of  log  grades, 
lengths,  and  diameters  could  be  used.     However,   assume  for  this  example  logs 
averaging  17  feet  in  scaling  length  of  the  following  grades  and  diameters: 

25  No.  1  logs,  28-inch  diameter  =  15,250  bd.  ft.  3/ 

50  No.  2  logs,  24-inch  diameter  =  21,000  bd.  ft. 

100  No.  3  logs,  18-inch  diameter  =  22,000  bd.  ft. 

75  No.  4  logs,  22-inch  diameter  =  26,250  bd.  ft. 

Total  gross  scale, 
Scribner  rule  =  84,500  bd.  ft. 


2.  Determine  oubio  volumes  by  log  size(s)  and  grades.  Calculate 
the  average  cubic  feet  per  log  for  the  diameter  of  logs  in  each  grade.  From 
tables  1  through  4,  the  following  values  are  read: 

8  No.   1  logs,  28-inch  diameter,  yield      642.  12  cu.  ft.  or  80.26  cu.  ft.  per  log 

20  No.  2  logs,  24-inch  diameter,  yield  1,211.67  cu.  ft.  or  60.58  cu.  ft.  per  log 

31  No.  3  logs,   18-inch  diameter,  yield  1, 102.  11  cu.  ft.  or  35.55  cu.  ft.  per  log 

14  No.  4  logs,  22-inch  diameter,  yield       796.03  cu.  ft.  or  56.86  cu.  ft.  per  log. 

The  total  cubic-foot  volume  for  the  example  is  now  determined  by  multiplying 
the  cubic  feet  per  log  by  the  number  of  logs  in  each  grade: 

25  logs  x  80.26  cu.  ft.  =  2,006.5  cu.  ft. 

50  logs  x  60.58  cu.  ft.  =  3,029.0  cu.  ft. 

100  logs  x  35.55  cu.  ft.  =  3,555.0  cu.  ft. 

75  logs  x  56.86  cu.  ft.  =  4,264.5  cu.  ft. 

Total  volume  =  12,855.0  cu.  ft. 

A  mill  manager  is  expected  to  have  this  volume  of  12,  855  cubic  feet  of  log  input 
available  to  him. 


— '  Gross  scale  based  on  U.  S.  Forest  Service  R-6  Supplement  to  National  Forest  Log 
Scaling  Handbook  for  West-Side  Log  Scaling.    April  1969.    (A  17-foot,  28-inch  log  has  a 
gross  scale  of  610  board  feet.    25  x  610  =  15, 250  board  feet. ) 
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3.     The  next  set  of  calculations   lead  to  an  estimate  of  the  square 
feet  of  veneer,    3/8-inch  basis,   that  the  cubic-input  volume  will  yield. 
The  following  values  are  read  as  accurately  as  possible  from  figure  3  by  log 
grade  and  diameter  (they  could  have  been  calculated  by  the  equations  for  the 
curves  in  figure  3): 

28-inch  No.  1  logs  average  20.0  square  feet  of  veneer  per 

cubic  foot  of  block  volume;  and 
24- inch  No.  2  logs  average  19.2; 
18-inch  No.   3  logs  average  16. 1; 
22-inch  No.  4  logs  average  11.6. 

4.    Expand  these  square  feet  per  cubic  foot  by  the  number  of  cubic 
feet  estimated  for  each  log  grade: 

20.  0  x  2006.  5  =  40, 130  square  feet  in  No.  1  logs 

19.  2  x  3029.  0  =  58, 157  square  feet  in  No.  2  logs 

16.  1  x  3555.  0  =  57,236  square  feet  in  No.  3  logs 

11.  6  x  4264.  5  =  49,468  square  feet  in  No.  4  logs 

Estimated  yield  =   204,  991  square  feet  of  veneer,  3/8-inch  basis. 


5.     Determine  estimates  of  veneer  grade  yields.        The  information 
developed  from  recovery  studies  that  is  probably  of  greatest  interest  to  the 
mill  manager  is  percentage  yield  of  product  grades.    Therefore,  the  next 
logical  step  in  this  example  is  to  further  break  down  the  square-foot  recovery 
estimate  into  yields  by  veneer  grades. 

The  following  yields  are  read  from  the  curves  in  figure  5  for  the  diameters 
in  the  example.    These  are  taken  to  the  nearest  whole  percentage  but  also  could 
have  been  calculated  from  the  equations  in  table  19. 


Log  grade 


Veneer  grade 

1 

2 

3 

4 

A 

4 

2 

(i 

1 

A  patch 

14 

7 

1 

1 

B 

6 

•1 

1 

1 

B  patch 

M 

11 

3 

3 

C 

43 

15 

32 

11 

D 

19 

31 

63 

80 

Total 


100 


100 


100 


100 
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6.     Apply  the  veneer  grade  percentages  in  each  tog  grade,   from  step  5, 
to  the  total  square  feet  for  the   log  grade,   from  step  4.     This  results  in 
the  following  volumes  and  gives  the  operator  an  estimate  of  veneer  grade  recov- 
ery from  a  log  grade  diameter-cubic  volume  input.     The  calculation  for  grade  A 
veneer  from  log  grade  No.   1  is,  4  percent  x  40, 130  square  feet  =  1,605. 

Log  grade 


Veneer  grade 

1 

2 

3                       4 

Tot  a  1 

fee 

t,    3/8-inoh  basis  -   - 
0                      495 

A 

1,605 

1,163 

3,263 

A  patch 

5,618 

4,071 

572                     495 

10,756 

B 

2,408 

2,326 

572                     495 

5,801 

B  patch 

5,618 

6,397 

1,717                 1,484 

15,216 

C 

17,256 

26,171 

18,316                6,925 

68,668 

D 

7,625 

18,029 

36,059               39,574 

101,28V 

Total         40,130  58,157  57,236  49,468  204,991 

The  assumption  in  this  example  was  that  the  amount  and  range  in  defect 
for  the  logs  included  in  these  studies  are  typical  of  the  defect  a  mill  would 
experience.    Also,  volumes  are  based  on  two-block  or  17-foot  logs. 
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APPENDIX 

Tables  2-6.    Log  scale,  veneer  recovery,  and  cubic  volumes  by  log  grades. 

Tables  7-11.    Distribution  of  veneer  grade  and  item  by  thickness  for  each  log  grade. 

Tables  12-16.     Veneer  grade  recovery  by  scaling  diameter  for  each  log  grade. 

Tables  17-18.    Distribution  of  logs  by  present  and  new  grading  systems. 

Table  19.      Summary  of  regressions. 

A  summary  of  specifications  for  the  new  timber  cruising  grades  for  Coast  Douglas-fir. 
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Table  2.  —Coast  Douglas-fir  log  scale,  veneer  recovery,  and  cubic  volumes  by  scaling  diameter,  log  grade  No.  1 


scaling 
diameter 
(inches) 


ecovery 
ratio 


Cubic  volume 


Log 


Veneer 
recovery 


Below  grade 
veneer 


-  -  -Board 

feet-  -  - 

■    Square  feet 

-  -  -Cubic 

feet-  -  - 

Percent 

12 

1 

80 

80 

266 

3.32 

15.69 

8.03 

51.2 

.18 

4.44 

3.04 

13 

l 

300 

100 

746 

2.49 

52.45 

23.13 

44.1 

.72 

15.42 

13.18 

14 

6 

720 

bHIl 

1,726 

2.54 

128.19 

53.52 

41.8 

.63 

32.42 

41.62 

r. 

1 

I'm 

150 

381 

2.54 

23.24 

12.34 

53.1 

.15 

7.00 

3.75 

ii 

'> 

K',0 

830 

2,285 

2.75 

131.52 

69.91 

53.2 

.24 

25.23 

36.14 

17 

3 

570 

520 

1,428 

2.75 

91.58 

44.85 

49.0 

1.27 

25.27 

20.19 

18 

5 

1,100 

1,100 

3,522 

3.20 

175.43 

108.45 

61.8 

1.10 

27.07 

38.81 

l'i 

5 

1,250 

1,250 

3,871 

3.10 

196.66 

118.12 

60.1 

.65 

23.47 

54.42 

20 

5 

1,460 

1,440 

3,994 

2.77 

206.14 

122.40 

59.4 

2.51 

29.59 

51.64 

-'1 

9 

2,880 

2,790 

8,257 

2.96 

416.  m 

250.22 

60.1 

2.83 

49.12 

114.13 

22 

7 

2,450 

2,440 

7,371 

3.02 

371.43 

220.12 

59.3 

3.69 

37.06 

110.56 

23 

9 

3,600 

3,400 

10,478 

3.08 

526.77 

319.32 

60.6 

3.60 

46.88 

156.97 

24 

3 

1,290 

1,220 

3,594 

2.95 

194.58 

110.09 

56.6 

1.88 

17.84 

64.77 

2S 

11 

5,390 

5,120 

14,524 

2.84 

738.55 

441.69 

59.8 

9.45 

71.75 

215.66 

26 

7 

3,710 

3,460 

9,857 

2.85 

500.88 

303.36 

60.6 

4.62 

56.30 

136.60 

27 

i 

2,  villi 

2,840 

8,215 

2.89 

399.15 

248.87 

62.3 

.20 

27.48 

122.60 

2* 

8 

4,960 

4,820 

13,914 

2.89 

642.12 

426.10 

66.4 

7.09 

42.12 

166.81 

."J 

3 

1,920 

1,900 

5,276 

2.78 

253.60 

159.89 

63.0 

0 

17.89 

75.82 

30 

5 

3,500 

2,890 

8,325 

2.88 

458.08 

251.19 

54.8 

8.98 

34.99 

162.92 

31 

8 

6,380 

5,600 

14,804 

2.64 

835.54 

454.07 

54.3 

1.49 

69.34 

310.64 

12 

« 

6,240 

5,450 

16,250 

2.98 

811.93 

504.05 

62.1 

10.57 

58.02 

239.29 

33 

6 

4,980 

4,200 

12,903 

3.07 

663.27 

387.80 

58.5 

4.84 

43.16 

227.47 

34 

8 

6,800 

6,350 

18,924 

2.98 

968.39 

584.37 

60.3 

7.85 

72.10 

304.07 

<'. 

10 

9,300 

8,060 

25,154 

1.12 

1,256.81 

771.27 

61.4 

20.43 

80.24 

384.87 

16 

12 

11,760 

10,200 

31,825 

3.12 

1,662.54 

971.94 

58.5 

21.55 

145.86 

523.19 

37 

5 

5,450 

5,030 

14,957 

2.97 

690.06 

459.50 

66.6 

3.90 

33.  7B 

192.88 

is 

5 

5,650 

5,320 

16,438 

3.09 

750.48 

496.29 

66.1 

6.04 

35.78 

212.37 

v< 

4 

4,760 

4,320 

12,796 

2.96 

615.54 

388.05 

63.0 

0 

47.86 

179.63 

40 

7 

9,610 

8,030 

23,593 

2.94 

1,268.39 

717.47 

56.6 

2.03 

128.98 

419.91 

41 

4 

5,400 

4,350 

13,366 

3.07 

716.60 

405.16 

56.5 

1.43 

64.08 

245.93 

42 

5 

7,150 

6,060 

17,230 

2.84 

912.55 

524.20 

57.4 

3.39 

61.99 

322.97 

43 

1 

1,480 

820 

2,175 

2.65 

179.28 

66.57 

37.1 

.05 

8.77 

103.89 

44 

45 
46 

4 

M 

3 

6,280 

4,860 

14,988 

3.08 

817.01 

463.29 

56.7 

1.07 

41.26 

311.39 

5,070 

4,100 

10,765 

2.63 

641.56 

327.43 

51.0 

2.87 

41.44 

269.82 

47 

l 

5,280 

4,190 

14,303 

3.41 

681.12 

450.48 

66.1 

11.36 

28.56 

190.72 

48 

4 

7,360 

6,810 

20,377 

2.99 

1,001.81 

629.30 

62.8 

17.38 

49.37 

305.76 

49 

J 

5,730 

5,130 

12,184 

2.38 

742.76 

383.88 

51.7 

5.90 

41.66 

311.32 

50 

3 

5,970 

5,190 

14,611 

2.82 

798.56 

447.60 

56.1 

14.85 

57.17 

278.94 

51 
52 
53 

2 

1 

4,140 

3,540 

8,787 

2.48 

566.38 

260.93 

46.1 

10.82 

63.39 

231.24 

2,230 

1,360 

4,034 

2.97 

332.39 

1,22.19 

36.8 

0 

32.58 

177.62 

Total   or 
average 

207 

166,100 

146,200 

428,494 

2.93 

22,435.33 

13,107,44 

58.4 

197.61 

1,796.73 

7,333.55 
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Table  3.  —Coast  Douglas-fir  log  scale,  veneer  recovery,  and  cubic  volumes  by  scaling  diameter,  log  grade  No.  2 


Log 
scaling 
diameter 
(inches) 

Number 

Scale 

Veneer 

recovery 

Cubic   volume 

of 
logs 

Gross 

Net 

Volume 

Recovery 
ratio 

Log 

Veneer 

Veneer 
recovery 

Below  grade 
veneer 

Core 

Residue 

-  -  -Board 

feet 

Square  feet 

-  -  -Cubic 

;',  ,  i 

Percent 

11 

3 

240 

220 

499 

2.27 

47.37 

15.56 

32.8 

1.  14 

22.37 

8.30 

12 

8 

710 

670 

1,717 

2.56 

134.73 

52.06 

38.6 

1.48 

43.23 

37.96 

13 

6 

660 

660 

1,439 

2.18 

116.70 

44.87 

38.4 

2.45 

40.91 

28.47 

14 

6 

720 

670 

2,552 

3.81 

134.82 

77.83 

57.7 

1.85 

33.31 

21.83 

15 

10 

1,500 

1,480 

3,961 

2.68 

240.80 

122.22 

50.8 

1.60 

58.54 

58.44 

L6 

12 

2,040 

1,940 

5,559 

2.87 

327.59 

170.94 

52.2 

8.30 

68.04 

80.31 

17 

8 

1,570 

1,570 

4,090 

2.61 

241.35 

124.56 

51.6 

5.38 

45.37 

66.04 

18 

L9 

4,250 

3,920 

11,377 

2.90 

694.72 

344.21 

49.5 

4.32 

114.81 

231.38 

l'< 

9 

2,250 

2,240 

6,070 

2.71 

342.87 

180.83 

52.7 

12.06 

53.13 

96.85 

20 

M 

5,890 

5,560 

15,713 

2.83 

863.25 

479.40 

55.5 

16.78 

111.54 

255.53 

21 

15 

4,800 

4,790 

14,232 

2.97 

694.72 

434.55 

62.6 

13.37 

84.10 

162.70 

22 

17 

5,950 

5,820 

17,466 

3.00 

877.60 

541.01 

61.6 

7.09 

107.98 

221.52 

23 

14 

5,600 

5,400 

14,612 

2.71 

764.09 

450.99 

59.0 

8.20 

91.41 

213.49 

24 

20 

8,600 

8,310 

23,405 

2.82 

1,211.67 

729.69 

60.2 

7.79 

108.03 

366.16 

:5 

13 

6,370 

6,050 

17,138 

2.83 

846.17 

520.26 

61.5 

14.75 

77.29 

233.87 

26 

13 

7,170 

6,160 

16,904 

2.74 

983.42 

547.05 

55.6 

16.83 

117.61 

301.93 

.'7 

8 

4,640 

4,410 

13,098 

2.97 

633.42 

409.46 

64.6 

6.42 

47.56 

169.98 

28 

15 

9,300 

8,250 

22,145 

2.68 

1,268.77 

681.09 

53.7 

22.01 

163.59 

402.08 

29 

L2 

7,680 

7,210 

20,630 

2.86 

1,088.67 

639.28 

58.7 

23.05 

81.27 

345.07 

HI 

12 

8,400 

7,980 

21,368 

2.68 

1,134.40 

665.00 

58.6 

21.61 

96.57 

351.22 

31 

8 

6,000 

5,570 

16,276 

2.92 

814.14 

510.24 

62.7 

6.06 

68.40 

229.44 

32 

13 

10,140 

9,020 

26,333 

2.92 

1,411.88 

816.33 

57.8 

15.78 

98.54 

481.23 

33 

1'. 

12,450 

11,460 

31,468 

2.75 

1,661.41 

957.67 

57.6 

35.91 

165.52 

502.31 

34 

13 

11,050 

9,680 

28,665 

2.96 

1,562.25 

877.62 

56.2 

19.85 

117.80 

546.98 

35 

9 

8,370 

7,640 

23,096 

3.02 

1,123.57 

700.12 

62.3 

22.39 

79.37 

321.69 

16 

8 

7,840 

7,040 

23,357 

3.32 

1,057.60 

700.70 

66.3 

31.95 

46.09 

278.86 

37 

8 

8,720 

7,570 

23,100 

3.05 

1,178.14 

718.33 

61.0 

15.36 

55.59 

388.86 

38 

9 

10,170 

8,330 

23,443 

2.81 

1,418.94 

717.28 

50.6 

23.94 

73.80 

603.92 

39 

3 

3,570 

3,240 

8,937 

2.76 

471.19 

278.50 

59.1 

18.42 

25.29 

148.98 

40 

6 

7,680 

6,610 

17,505 

2.65 

1,003.11 

546.12 

54.4 

18.33 

56.47 

382.19 

41 

8 

10,800 

9,580 

28,344 

2.96 

1,443.82 

879.22 

60.9 

19.99 

84.57 

460.04 

42 

7 

10,010 

8,140 

24,396 

3.00 

1,348.18 

770.33 

57.1 

21.14 

71.07 

485.64 

43 

5 

7,400 

6,050 

15,371 

2.54 

913.25 

473.09 

51.8 

8.48 

120.26 

311.42 

44 

5 

7,850 

6,620 

21,114 

i.  L9 

992.73 

655.90 

66.1 

7.64 

58.28 

270.91 

45 

4 

6,440 

5,260 

15,271 

2.90 

817.23 

488.59 

59.8 

46.80 

37.45 

244.39 

46 

1 

1,690 

1,620 

4,652 

2.87 

252.62 

141.11 

55.9 

4.26 

17.64 

89.61 

47 

4 

7,040 

5,540 

15,762 

.'.MS 

884.38 

472.49 

53.4 

86.80 

63.14 

261.95 

48 

2 

3,680 

2,430 

9,664 

3.98 

478.13 

304.86 

63.8 

1.53 

27.50 

144.24 

49 
50 
51 

2 

0 

1 

3,820 

3,500 

10,241 

2.93 

504.44 

315.18 

62.5 

11.00 

23.81 

154.45 

2,070 

1,580 

5,273 

3.34 

308.33 

173.05 

56.1 

4.73 

14.05 

116.50 

Total  or 
average 

371 

235,130 

>09,790 

606,243 

2.89 

32,292.47 

18,727.59 

58.0 

616.84 

2,871.30 

10,076.74 
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Table  4.— Coast  Douglas-fir  log  scale,  veneer  recovery,  and  cubic  volumes  by  scaling  diameter,  log  grade  No.  3 


Log 
scaling 

diameter 
(inches) 

Number 
of 
logs 

Scale 

Veneer  recovery 

Cubic  volume 

Gross 

Net 

Volume 

Recovery 
ratio 

Log 

Veneer 

Veneer 
recovery 

Below 
grade 
veneer 

Core 

Residue 

-  -  -  Board 

feet 

Square  feet 

-  -  -  -  Cubic 

feet 

Percent 

Cubic  feet  - 

10 

1 

100 

1  00 

291 

2.91 

20.14 

8.83 

43.8 

0.06 

5.50 

5.75 

11 

5 

350 

350 

756 

2.16 

66.13 

22.95 

34.7 

.78 

20.85 

21.55 

12 

12 

940 

900 

2,304 

2.56 

203.01 

70.91 

34.9 

8.08 

64.66 

59.36 

13 

18 

2,080 

1,900 

4,844 

.2.55 

395.17 

147.65 

37.4 

19.96 

126. 2f 

101.30 

14 

21 

3,060 

2,920 

7,236 

2.48 

526.95 

222.73 

42.3 

13.36 

134.99 

155.87 

15 

31 

5,370 

5,310 

13,077 

2.46 

886.14 

402.60 

45.4 

21.76 

201.03 

260.75 

16 

35 

6,340 

6,250 

16,040 

2.57 

1,037.63 

497.45 

47.9 

30.85 

211.84 

297.49 

17 

27 

6,010 

5,890 

16,720 

2.84 

993.39 

517.51 

52.1 

39.57 

175.92 

260.39 

18 

Jl 

7,120 

6,850 

17,857 

2.61 

1,102.11 

553.97 

50.3 

31.30 

176.16 

340.68 

14 

27 

6,500 

6,400 

18,111 

2.83 

1,019.35 

561.95 

55.1 

35.03 

150.07 

272.30 

20 

1'' 

5,570 

5,440 

14,033 

2.58 

822.42 

438.60 

53.3 

18.85 

116.16 

248.81 

21 

10 

9,910 

9,390 

23,653 

2.52 

1,445.04 

732.00 

50.  7 

74.66 

199.74 

438.64 

22 

22 

7,540 

7,420 

21,197 

2.86 

1,131.12 

662.37 

58.6 

68.45 

120.16 

280.14 

23 

L9 

7,810 

7,710 

19,736 

2.  56 

1,077.71 

611.86 

56.8 

45.17 

139.63 

281.05 

24 

30 

13,180 

12,090 

33,317 

2.76 

1,863.72 

1,036.52 

55.6 

79.13 

186.77 

561.30 

25 

27 

14,100 

13,490 

35,994 

2.67 

1,874.66 

1,098.84 

58.6 

129.22 

164.14 

482.46 

26 

25 

13,190 

12,100 

30,306 

2.50 

1,779.71 

946.87 

53.2 

170.33 

147.84 

514.67 

27 

17 

9,860 

9,570 

24,778 

2.59 

1,310.36 

769.21 

'.8.  / 

52.93 

104.92 

383.30 

28 

21 

13,330 

11,990 

33,245 

2.77 

1,750.96 

1,028.59 

58.7 

83.92 

137.35 

501.10 

29 

19 

12,270 

11,600 

30,803 

2.66 

1,647.27 

944.14 

57.3 

112.91 

113.39 

476.83 

30 

L9 

13,300 

11,860 

32,119 

2.71 

1,746.74 

990.87 

56.7 

111.96 

113.98 

529.93 

31 

It, 

12,000 

10,380 

27,265 

2.63 

1,578.42 

835.46 

52.9 

127.17 

139.86 

475.93 

32 

15 

12,070 

10,620 

29,768 

2.80 

1,622.95 

924.51 

57.0 

122.25 

129.75 

446.44 

33 

11 

9,130 

8,640 

24,176 

2.80 

1,222.48 

756.49 

61.9 

65.95 

75.85 

324.19 

34 

6 

5,100 

4,390 

12,316 

2.81 

707.43 

381.06 

53.9 

2.51 

46.45 

277.41 

35 

7 

6,510 

5,910 

16,695 

2.82 

838.94 

519.21 

61.9 

61.67 

60.23 

197.83 

36 

5 

5,480 

4,600 

13,320 

2.90 

740.63 

410.29 

55.4 

31.73 

50.57 

248.04 

37 

13 

13,590 

11,030 

30,324 

2.75 

1,787.42 

940.45 

52.6 

155.47 

116.17 

575.33 

38 

3 

3,390 

3,020 

6,037 

2.00 

424.14 

194.34 

45.8 

80.48 

20.35 

128.97 

39 

7 

8.330 

6,570 

19,150 

2.91 

1,106.79 

595.53 

53.8 

121.66 

51.51 

338.09 

40 

9 

12,230 

10,700 

27,674 

2.59 

1,549.73 

865.88 

55.9 

131.47 

82.16 

470.22 

41 

2 

2,700 

2,030 

5,989 

2.95 

340.07 

181.15 

53.3 

67.70 

10.85 

80.37 

42 

3 

4,290 

3,660 

8,299 

2.27 

515.26 

256.62 

49.8 

29.00 

56.06 

173.53 

43 

.: 

2,960 

2,170 

5,877 

2.71 

379.44 

185.76 

49.0 

34.81 

28.53 

130.34 

44 

4 

6,280 

5,430 

13,290 

2.45 

817.90 

396.58 

48.5 

136.04 

44.02 

241.26 

45 

2 

3,220 

3,010 

6,258 

2.08 

401.38 

204.19 

50.9 

42.12 

24.63 

130.44 

1,650 


3,690 


Total  or 
average 


20,118.57 
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Table  5.  —Coast  Douglas-fir  log  scale,  veneer  recovery,  and  cubic  volumes  by  scaling  diameter,  log  grade  No.  4 


Log 
scaling 
diameter 
(inches) 

Number 
of 
logs 

Scale 

Veneer   recovery 

Cubic  volume 

Gross 

Net 

Volume 

Recovery 
ratio 

Log 

Veneer 

Veneer 
recovery 

Below  grade 
veneer 

Core 

Residue 

-  -  -Board  feet-  - 

"    Square  feet 

Cubic 

feet 

Percent 

-   Cubic  feet  - 

9 

11! 
11 

1 
0 

1 

40 

40 

217 

5.42 

20.98 

6.45 

30.7 

0 

7.16 

120 

120 

380 

l.  1/ 

31.08 

11.62 

37.4 

1.46 

5.72 

12.28 

12 

6 

930 

830 

2,178 

2.62 

Jilt,.  HII 

66.86 

32.3 

17.52 

50.12 

72.30 

L3 

U 

1,220 

1,060 

2,550 

2.41 

263.01 

77.95 

29.6 

20.27 

69.35 

95.44 

14 

L2 

1,820 

1,590 

3,631 

2.28 

365.42 

112.01 

30.7 

34.32 

105.15 

113.94 

15 

19 

3,540 

3,160 

7,368 

2.  13 

649.14 

226.57 

34.9 

27.99 

144.10 

250.48 

16 

17 

3,190 

2,790 

6,529 

2.34 

574.33 

201.28 

Ji.n 

80.20 

108.37 

184.48 

17 

1  1 

2,920 

2,730 

5,764 

2.11 

476.29 

174.65 

36.7 

34.50 

78.75 

188.39 

IB 

15 

3,990 

3,560 

7,687 

2.16 

652.46 

239.61 

36.7 

34.31 

93.18 

285.36 

19 

18 

5,160 

4,790 

8,836 

1  .  84 

819.95 

272.50 

33.2 

99.54 

138.91 

109.0 

20 

23 

7,070 

6,420 

14,845 

2.31 

1,076.48 

458.15 

42.6 

134.48 

142.73 

341.12 

21 

21 

7,120 

6,580 

15,096 

2.29 

1,063.51 

467.14 

43.9 

76.85 

121.01 

398.51 

22 

u 

5,280 

4,710 

11,599 

2.46 

796.03 

360.52 

45.3 

47.49 

83.91 

304.11 

23 

IK 

7,380 

6,450 

11,692 

1.81 

1,035.91 

360.49 

14.fi 

124.96 

126.37 

424.09 

24 

u 

6,950 

6,440 

11,278 

1.75 

1,018.92 

349.06 

34.3 

212.55 

96.77 

360.54 

25 

17 

8,870 

8,170 

18,021 

2.21 

1,232.01 

572.17 

46.4 

131.39 

103.16 

425.29 

26 

12 

6,660 

5,890 

11,343 

1.93 

927.22 

349.63 

37.7 

114.32 

110.07 

353.20 

27 

16 

9,640 

7,950 

15,119 

1.90 

1,310.20 

475.39 

36.3 

151.82 

144.41 

538.58 

28 

12 

7,840 

7,130 

13,592 

1.91 

1,063.85 

421.07 

39.6 

173.89 

87.20 

381.69 

29 

6 

3,880 

1,1160 

6,916 

2.26 

525.03 

210.54 

40.  1 

76.23 

53.46 

184.80 

30 

12 

8,400 

7,430 

15,098 

2.03 

1,118.33 

467.27 

41.8 

r,K.  ,u 

77.75 

464.81 

31 

9 

7,180 

6,410 

11,800 

1.84 

980.97 

372.92 

38.0 

155.01 

59.98 

393.06 

32 

8 

6,240 

4,910 

9,423 

1.92 

847.81 

291.21 

34.3 

186.59 

8S.12 

284.89 

33 

9 

7,440 

6,570 

11,095 

1.69 

1,003.34 

341.15 

34.0 

161.49 

92.47 

408.23 

34 

6 

5,100 

4,740 

10,535 

2.22 

720.90 

332.24 

46.1 

122.22 

41.61 

224.83 

35 

5 

4,650 

3,710 

7,739 

2.09 

631.08 

243.41 

38.6 

68.00 

40.49 

279.18 

36 

3 

3,340 

2,760 

3,812 

1.38 

447.76 

120.52 

26.9 

95.39 

65.58 

166.27 

37 

6 

6,540 

5,990 

12,402 

2.07 

852.38 

387.46 

45.5 

115.96 

68.49 

280.47 

38 

2 

2,260 

1,950 

2,285 

1.17 

290.39 

70.76 

24.4 

111.15 

42.61 

65.87 

39 

3 

4,250 

3,470 

8,503 

2.45 

560.03 

263.76 

47.1 

40.82 

28.35 

227.10 

40 

2 

2,560 

2,080 

2,398 

1.15 

328.95 

78.47 

23.9 

119.89 

18.69 

111.90 

41 

1 

1,350 

1,270 

1,928 

1.52 

168.65 

56.57 

33.5 

59.52 

5.72 

46.84 

42 

3 

4,290 

3,720 

8,339 

2.24 

527.76 

267.46 

50.7 

38.70 

40.16 

181.44 

43 
44 
45 

2 
0 
2 

2,960 

2,360 

2,035 

.86 

372.64 

66.15 

17.8 

176.51 

19.96 

110.02 

4,210 

2,180 

3,996 

1.83 

526.25 

120.96 

23.0 

8.96 

92.36 

303.97 

46 

1 

1,690 

760 

3,034 

3.99 

209.19 

98.58 

47.1 

29.04 

9.05 

72.52 

47 
48 
49 

1 
0 

0 

1,760 

1,410 

2,367 

1.68 

220.40 

76.96 

34.9 

82.09 

! .  1  ) 

53.62 

50 
51 
52 
53 

0 
0 

1 

0 

2,150 

1,060 

2,258 

2.13 

266.65 

73.34 

27.5 

94.36 

7.57 

91.38 

54 
55 

0 

1 

2,410 

1,200 

3,464 

2.89 

316.31 

112.55 

35.6 

48.45 

9.25 

146.06 

Total   or 

343 

172,400 

147,450 

297,152 

2.02 

24,498.41 

9,255.40 

37.8 

3,416.74 

2,682.84 

9,143.43 

average 

1!) 


Table  6.^Coast  Douglas-fir  log  scale,  veneer  recovery,  and  cubic  volumes  by  scaling  diameter,  all  log  grades 


Log 
scalinR 

(]  l   lm.-O'l 

(Inches) 

Number 
of 
logs 

Scale 

Veneer    recovery 

Cubic    volume 

Gross 

Net 

Volume 

Recovery 
ratio 

Log 

Veneer 

Veneer 
recovery 

Below   grade 
veneer 

Core 

Residue 

-  -  -  Board 

feet  -  -  - 

Square  feet 

-  -  -  Cubic 

feet 

Percent 

-  Cubic  feet  - 

9 

1 

40 

40 

217 

5  . 4  ! 

20.98 

6.45 

30.7 

0 

7.16 

7.37 

10 

1 

III!) 

100 

291 

2.91 

20.14 

8.83 

43.8 

.06 

5.50 

5.75 

11 

9 

710 

690 

1,635 

2.37 

144.58 

50.13 

14.7 

3.38 

48.94 

42.13 

12 

27 

2,660 

2,480 

6,465 

2.61 

560.23 

197.86 

35.3 

27.26 

162.45 

172.66 

i  i 

38 

4,260 

3,920 

9,579 

2.44 

827.33 

293.60 

35.5 

43.40 

251.94 

238.39 

14 

45 

6,320 

5,860 

15,145 

2.58 

1,155.38 

466.09 

40.3 

50.16 

305.87 

333.26 

!'. 

6] 

10,560 

10,100 

24,787 

.'.45 

1,799.32 

763.73 

42.4 

51.50 

410.67 

573.42 

16 

69 

12,420 

11,810 

30,413 

2.58 

2,071.07 

939.58 

45.4 

119.59 

413.48 

598.42 

W 

51 

11,070 

10,710 

28,002 

2.61 

1,802.61 

861.57 

47.8 

80.72 

325.31 

535.01 

1,-; 

70 

16,460 

15,430 

40,443 

2.62 

2,624.72 

1,246.24 

47.5 

71.03 

411.22 

896.23 

L9 

59 

15,160 

14,680 

36,888 

2.51 

2,378.83 

1,133.40 

47.6 

147.28 

365.58 

732.57 

20 

67 

19,990 

18,860 

48,585 

2.58 

2,968.29 

.1,498.55 

50.5 

172.62 

400.02 

897.10 

21 

7'. 

24,710 

23,550 

61,238 

2.60 

3,619.57 

1,883.91 

52.0 

167.71 

453.97 

1,113.98 

22 

hi) 

21,220 

20,390 

57,633 

2.83 

3,176.18 

1,784.02 

56.2 

126.72 

349.11 

916.33 

23 

611 

24,390 

22,960 

56,518 

2.46 

3,404.48 

1,742.66 

51.2 

181.93 

404.29 

1,075.60 

24 

67 

30,020 

28,060 

71,594 

2.55 

4,288.89 

2.225.36 

51.9 

301.35 

409.41 

1,352.77 

.". 

68 

34,730 

32,830 

85,677 

2.61 

4,691.39 

2,632.96 

56.1 

284.81 

416.34 

1,357.28 

:n 

57 

30,730 

27,610 

68,410 

2.48 

4,191.23 

2,146.91 

51.2 

306.10 

431.82 

1,306.40 

27 

4h 

27,040 

24,770 

61,210 

2.47 

3,653.13 

1,902.93 

52.1 

211.37 

324.37 

1,214.46 

.'« 

„, 

35,430 

32,190 

82,896 

2.58 

4,725.70 

2,556.85 

54.1 

286.91 

430.26 

1,451.68 

29 

40 

25,750 

23,770 

63,625 

2.68 

3,514.57 

1,953.85 

55.6 

212.19 

266.01 

1,082.52 

30 

48 

33,600 

30,160 

76,910 

2.55 

4,457.55 

2,374.33 

53.3 

251.05 

323.29 

1,508.88 

31 

41 

31,560 

27,960 

70,145 

2.51 

4,209.07 

2,172.69 

51.6 

289.73 

337.58 

1,409.07 

12 

-4 

34,690 

30,000 

81,774 

2.73 

4,694.57 

2,536.10 

54.0 

335.19 

371.43 

1,451.85 

33 

41 

34,000 

111, 870 

79,642 

2.58 

4,550.50 

2,443.11 

53.7 

268.19 

377.00 

1,462.20 

14 

li 

28,050 

25,160 

70,440 

2.80 

3,958.97 

2,175.29 

54.9 

152.43 

277.96 

1,353.29 

35 

11 

28,830 

25,320 

72,684 

2.87 

3,850.40 

2,234.01 

58.0 

172.49 

260.33 

1,183.57 

36 

28 

28,420 

J4,hil0 

72,314 

2.94 

3,908.53 

2,203.45 

56.4 

180.62 

308.10 

1,216.36 

37 

12 

34,300 

29,620 

80,783 

2.73 

4,508.00 

2,505.74 

55.6 

290.69 

274.03 

1,437.54 

IN 

19 

21,470 

18,620 

48,203 

2.59 

2,883.95 

1,478.67 

51.3 

221.61 

172.54 

1,011.13 

I'l 

17 

20,910 

17,600 

49,386 

2.81 

2,753.55 

1,525.84 

55.4 

180.90 

153.01 

893.80 

40 

24 

32,080 

27,420 

71,170 

2  .  60 

4,150.18 

2,207.94 

53.2 

271.72 

286.30 

1,384.22 

-.1 

1'. 

20,250 

17,230 

49,627 

2.88 

2,669.14 

1,522.10 

57.0 

148.64 

165.22 

833.18 

42 

18 

25,740 

21,580 

58,264 

2.70 

3,303.75 

1,818.61 

55.0 

92.23 

229.28 

1,163.63 

43 

1" 

14  ,MU(| 

11,400 

25,458 

2.23 

1,844.61 

791.57 

42.9 

219.85 

177.52 

655.67 

44 

1  i 

20,410 

16,910 

49,392 

2.92 

2,627.64 

1,515.77 

57.7 

144.75 

143.56 

823.56 

45 

H 

13,870 

10,450 

25,525 

.'.44 

1,744.86 

813.74 

46.6 

97.88 

154.44 

678.80 

46 

'■ 

8,450 

6,480 

18,451 

2.85 

1,103.37 

567.12 

51.4 

36.17 

68.13 

431.95 

47 

B 

14,080 

11,140 

32,432 

2.91 

1,785.90 

999.93 

56.0 

180.25 

99.43 

506.29 

48 

7 

12,880 

10,890 

33,106 

3.04 

1,711.93 

1,027.03 

60.0 

21.70 

109.55 

553.65 

V) 

'. 

9,550 

8,6  30 

22,425 

.'.611 

1,247.20 

699.06 

56.1 

16.90 

65.47 

465.77 

50 

1 

',.'1711 

5,190 

14,611 

2.82 

798.56 

447.60 

45.7 

14.85 

57.17 

278.94 

51 

1 

6,210 

5,120 

14,060 

2.75 

874.71 

433.98 

49.6 

15.55 

77.44 

347.74 

52 

1 

2,150 

1,060 

2,258 

2.13 

266.65 

73.34 

27.5 

94.36 

7.57 

91.38 

53 

2 

4,460 

2,260 

7,724 

3.42 

627.96 

233.95 

37.3 

15.16 

40.48 

338.37 

54 

l 

— 

-- 

— 

— 

— 

— 

-- 

— 

— 

— 

rjS 

1 

2,410 

1,200 

3,464 

2.89 

316.31 

112.55 

35.6 

48.45 

9.25 

146.06 

Total  or 

average 

1,484 

842,910 

747,680 

1,981,499 

2.65 

116,486.48 

61,209.00 

52.5 

6,607.45 

11,139.80 

37,530.23 
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Table  7.— Distribution  of  veneer  grade  and  item  by  thickness,  log  grade  No.  1— Coast  Douglas-fir 


Veneer 

era. 

e 

Percent 
of    total 

Total 

Below    grade 

A 

A  patch 

B 

B 

patch 

C 

D 

vol  lime 

volume 

volume 

Percent 

Square  feet 

3/8-inch  basis 

Full   sheets: 

1/10-lnch 

H 

26 

8 

20 

25 

1  1 

43.6 

186,805 

482 

1/8-inch 

15 

15 

2  1 

12 

12 

3 

1  .1, 

6,958 

0 

1/5-inch 

— 

— 

" 

— 

— 

— 

— 

0 

0 

Half   sheets: 

1/10-inch 

7 

IK 

'. 

14 

34 

21 

20.7 

88,690 

1,708 

1/8- inch 

23 

1 

20 

2  4 

19 

1 

.9 

3,870 

53 

1/5-inch 

0 

1) 

0 

0 

LOO 

0 

1 

440 

0 

Random  width. 

8-foot: 

1/10-inch 

5 

7 

7 

■' 

'./ 

". 

26.0 

111,470 

3,839 

1/8- inch 

14 

7 

I  i 

in 

51 

5 

1.4 

5,828 

7 

1/5-inch 

— 

— 

— 

— 

"- 

— 

"- 

0 

0 

Random  width 

fishtail:- 

1/10-inch 

1 

(2/) 

'.' 

(2/) 

57 

20 

5.4 

23,129 

416 

1/8-inch 

0 

0 

n 

0 

98 

2 

.3 

1,304 

n 

1/5-inch 

— 

-- 

— 

— 

— 

— 

— 

0 

0 

—  Includes  all  random  width  veneer  less  than  8  feet  long. 

-  Less  than  0.5  percent. 


Table  8.— Distribution  of  veneer  grade  and  item  by  thickness,  log  grade  No.  2— Coast  Douglas-fir 


Vene 

item 

Veneer 

*>■< 

Percent 
of   total 

Total 

Below   grade 

A 

A  patch 

B 

B 

patch 

C 

D 

volume 

volume 

volume 

Square  feet, 

3/8-inch  basis 

Full   sheets: 

1/10-inch 

i 

21 

4 

20 

23 

2  7 

41.0 

248,318 

2.  1M1 

1/8-inch 

V 

1'. 

7 

35 

2  1 

12 

4.1 

24,813 

11 

1/5-inch 

— 

— 

— 

— 

— 

— 

" 

0 

0 

Half  sheets: 

1/10-inch 

4 

12 

3 

14 

30 

37 

22.2 

134,511 

6,787 

1/8-inch 

12 

1  i 

10 

11 

23 

9 

2.0 

12,182 

106 

1/5- inch 

— 

— 

— 

— 

S'l 

11 

1.2 

7,087 

31 

Random  width , 

8- 

foot: 

1/10-inch 

i 

i. 

5 

" 

42 

35 

211.4 

123,837 

9,840 

1/8-inch 

• 

i 

9 

12 

51 

L6 

3.3 

20,117 

62 

1/5-inch 

- 

"- 

- 

— 

— 

" 

— 

0 

0 

Random  width 

fishtail:^' 

1/10-inch 

(2/) 

1 

L5 

(2/) 

V. 

25 

5.2 

31,488 

4.'M 

1/8-inch 

0 

N 

n 

(> 

91 

" 

.6 

3,890 

0 

1/5-lnch 

— 

0 

0 

Total 

100.0 

606,243 

20,138 

—  Includes  all  random  width  veneer  less  tha 
2/ 

—  Less  than  0.5  percent. 


st  long. 
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Table  9.— Distribution  of  veneer  grade  and  item  by  thickness,  log  grade  No.  3— Coast  Douglas-fir 


Veneer  item 


Veneer  grade 


A  patch 


B        B  patch 


Percent 
of  total 
volume 


Total 

veneer 

volume 


Below  grade 
veneer 

volume 


Full  sheets: 

1/10-inch 

1/8-inch 

1/5-inch 


1/10-inch 
1/8-inch 
1/5- inch 

Random  width,  8-foot: 


1/10-inch 
1/8- inch 
1/5-inch 


idth  fishtail: 


1/10-inch 

1/8-inch 

1/5-inch 


Square  feet, 

3/8-zneh  basis 

1" 

1  l 

69 

32.6 

212,179 

4,296 

:>. 

17 

52 

5.0 

32,463 
0 

124 
0 

8 

17 

64 

29.8 

193,988 

42,246 

19 

39 

2.8 

17,982 

423 

~" 

73 

27 

2.6 

17,101 

129 

6 

."i 

;,, 

17.3 

112,210 

26,743 

11 

29 

■  1 

4.2 

27,130 

0 

348 
0 

1 

47 

44 

5.0 

32,170 

3,291 

0 

61 

<■! 

.7 

4,387 

0 

~ 

— 

0 

0 

100.0 

649,610 

77,600 

udes  all  random  width  veneer  less  than  8  feet  long 


Table  10.— Distribution  of  veneer  grade  and  item  by  thickness,  log  grade  No.  4— Coast  Douglas-fir 


Veneer  grade 


Veneer  item 


B        B  patch 


Percent 
of  total 


Total 
veneer 


elow  grade 
veneer 


Full  sheets: 

1/10-inch 
1/8-inch 

1/5-inch 

Half  sheets: 

1/10- inch 

1/8-inch 

1/5-inch 

Random  width,  8-foot: 

1/10-inch 
1/8- inch 
1/5-inch 

Random  width  fishtail:— 

1/10-inch 

1/8-inch 
1/5-inch 


(2/) 
0 


(2/) 
0 


Percent  ----- 

5 

4 

84 

17.6 

Square  feet, 
52,136 

3/8-inch  basis 
2,014 

17 

7 

74 

6.3 

18,634 

0 

793 

6 

7 

75 

31.7 

94,354 

65,134 

16 

7 

i,'i 

4.3 

12,705 

1,289 

44 

56 

2.7 

8,064 

75 

5 

19 

l,H 

20.7 

61,686 

34,207 

5 

13 

75 

6.5 

19,252 
0 

1,019 
0 

)                        (2/) 

38 

52 

8.8 

26,218 

5,006 

0 

18 

6  2 

1.4 

4,103 

0 

— 

— 

0 

0 

100.0 

297,152 

109,537 

Includes  all  random  width  veneer  less  than  8  feet  long. 
Less  than  0.5  percent. 
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Table  1 !. —Distribution  of  veneer  grade  and  item  by  thickness  for  all  log  grades— Coast  Douglas-fir 


Veneer 

Veneer  grade 

Percent 
of  total 

Total 

Below  grade 

item 

veneer 

A 

A  patch 

B 

B 

patch 

C 

D 

volume 

volume 

volume 

-  Per 

•■  ■■  I 

Square  feet 

3/8-inch  basis 

Full  sheets: 

1/10-inch 

4 

17 

-. 

16 

19 

40 

35.3 

699,438 

9,173 

1/8-inch 

4 

7 

5 

27 

16 

41 

4.2 

82,868 

928 

1/5-inch 

'- 

— 

— 

"- 

~ 

— 

— 

0 

0 

Half  sheets: 

1/10-inch 

4 

11 

3 

10 

21 

51 

25.8 

511,543 

115,875 

1/8- inch 

1 

9 

8 

24 

17 

35 

2.4 

46,739 

1,871 

1/5-inch 

0 

u 

0 

0 

70 

30 

1  .1. 

32,692 

235 

Random  width , 

8- 

foot: 

1/10-inch 

i 

5 

4 

8 

37 

-.  I 

20.7 

409,203 

74,629 

1/8-inch 

5 

.' 

6 

in 

33 

44 

3.6 

72,327 

1,436 

1/5-inch 

— 

— 

— 

— 

" 

~ 

— 

0 

0 

Random  width 

!  : 

htail 

.1/ 

1/10-inch 

(2/) 

1 

13 

(2/1 

51 

36 

5.7 

113,005 

9,633 

1/8-inch 

0 

0 

n 

II 

66 

34 

.7 

13,684 

0 

1/5-inch 

— 

0 

(J 

Total 

100.0 

1,981,499 

213,780 

—  Includes 

all 

random  w 

dth  veneer  less  than  8 

feet  long. 

11   ,.„ 

t-h  = 

„  n  <; 

23 


Table  12.— Veneer  grade  recovery  by  scaling  diameter,  log  grade  No.  1 —Coast  Douglas-fir 


Log 
scaling 

Number 
of 

1 

,           Veneer 

Recovery 

by  veneer   grade 

volume  , 

diameter 

logs 

3/8-inch 

A 

A   patch 

B 

B  patch 

C 

D 

(inches) 

\             basis           i 

1 

Square  feet 

Percent  ------ 

12 

1 

266 

0.8 

5.3 

9.0 

0.8 

60.4 

23.7 

13 

3 

746 

0 

3.9 

2.0 

.7 

71.6 

21.8 

r. 

'■ 

1,726 

1.7 

2.0 

5.3 

5.1 

62.5 

23.4 

15 

1 

381 

0 

0 

0 

5.2 

91.1 

3.7 

lb 

•• 

2,285 

2.0 

7.8 

4.6 

9.6 

54.2 

21.8 

!7 

! 

1,428 

3.6 

15.8 

1.9 

9.7 

50.0 

19.0 

IK 

5 

3,522 

2.  1 

7.4 

3.0 

18.3 

55.7 

13.5 

r> 

'' 

3,871 

.6 

15.6 

3.0 

14.4 

53.2 

13.2 

20 

5 

3,994 

1.0 

13.7 

4.1 

13.3 

60.8 

7.1 

21 

•> 

8,257 

1.0 

16.9 

6.9 

15.7 

41.0 

18.5 

22 

7 

7,371 

3.9 

13.2 

8.  i 

8.0 

53.4 

13.0 

23 

' 

10,478 

1.4 

15.8 

6.2 

20.5 

48.2 

7.9 

24 

3 

3,594 

.6 

16.6 

2.9 

16.5 

48.8 

14.6 

25 

1 

14,524 

J.O 

10.9 

1.  7 

18.0 

46.2 

18.2 

i. 

7 

9,857 

2.6 

20.5 

3.4 

17.6 

37.7 

18.2 

27 

5 

8,215 

.6 

9.2 

8.2 

18.1 

34.5 

29.4 

7  8 

8 

13,914 

1.7 

16.4 

5.4 

15.8 

38.0 

22.7 

29 

3 

5,276 

4.5 

16.0 

3.0 

17.6 

43.0 

15.9 

30 

'. 

8,325 

8.6 

25.5 

3.1 

11.0 

27.5 

24.3 

71 

H 

14,804 

2.  1 

6.2 

3.9 

14.6 

34.1 

39.1 

1.' 

8 

16,250 

8.3 

20.1 

5.7 

16.0 

28.7 

21.2 

33 

6 

12,903 

5.4 

13.3 

3.8 

15.3 

43.6 

18.6 

34 

8 

18,924 

7.6 

20.0 

10.5 

17.1 

26.3 

18.5 

35 

10 

25,154 

5.6 

19.7 

3.1 

16.3 

34.4 

20.9 

36 

L2 

31,825 

8.1 

17.8 

7.2 

12.1 

38.3 

16.5 

37 

5 

14,957 

21.1 

8.5 

19.3 

29.6 

16.0 

18 

5 

16,438 

8.9 

15.3 

2.8 

13.4 

40.7 

18.9 

19 

4 

12,796 

3.6 

9.7 

10.4 

24.5 

35.7 

16.1 

40 

7 

23,593 

7.1 

23.0 

14.4 

20.3 

19.9 

15.3 

41 

4 

13,366 

4.8 

10.5 

6.7 

18.9 

39.6 

19.5 

42 

:■ 

17,230 

1.6 

22.5 

14.4 

17.5 

22.6 

21.4 

43 

i 

2,175 

1.7 

23.9 

19.1 

11.8 

39.2 

4.3 

44 

4 

14,988 

16.2 

22.8 

13.9 

8.7 

30.4 

8.0 

','. 

11 

-- 

— 

— 

— 

— 

— 

-- 

46 

3 

10,765 

19.5 

24.4 

13.6 

5.1 

23.8 

13.6 

47 

I 

14,303 

5.0 

24.0 

8.4 

14.  7 

18.9 

29.0 

4  8 

4 

20,377 

10.  7 

25.8 

13.4 

13.4 

26.1 

10.6 

49 

i 

12,184 

11.0 

20.9 

12.3 

12.0 

38.1 

5.7 

50 

3 

14,611 

14.0 

16.4 

13.1 

12.4 

34.9 

9.2 

51 
52 
53 

2 

u 
1 

8,787 

6.3 

10.4 

13.6 

13.4 

43.3 

13.0 

4,034 

30.5 

8.1 

24.1 

7.8 

25.6 

3.9 

Total  or 

average 

207 

428,494 

6.7 

17.6 

8.3 

15.1 

34.8 

17.5 

24 


Table  13.— Veneer  grade  recovery  by  scaling  diameter,  log  grade  No.  2  Coast  Douglas-fir 


Log 
scaling 

Number 
of 

Veneer 

volumej 

Recovery 

by  veneer  grac 

, 

diameter 
(inches) 

logs 

3/8-inch 
basis 

A 

A  patch 

B 

B  patch 

C 

D 

Square  feet 

11 

1 

499 

2.2 

9.8 

7.4 

6.4 

50.4 

23.8 

L2 

H 

1,717 

.6 

.6 

.6 

.6 

79.6 

18.0 

13 

I 

1,439 

.3 

.6 

.9 

4.4 

64.7 

29.1 

14 

6 

2,552 

]  .0 

1.9 

2.1 

3.8 

62.8 

28.4 

15 

10 

3,961 

.3 

1  .  1 

.9 

3.4 

57.6 

36.7 

16 

12 

5,559 

1.4 

1  .5 

5.6 

56.0 

35.3 

17 

8 

4,090 

.6 

2.2 

.8 

7.6 

54.7 

34.1 

18 

L9 

11,377 

L.D 

5. 

3.4 

K.I, 

46.4 

35.4 

19 

9 

6,070 

1.4 

2.5 

3.2 

h.    ! 

52.9 

33.7 

.'il 

20 

15,713 

.5 

6. 

1  ,'i 

12.7 

52.0 

26.2 

.'1 

15 

14,232 

.9 

1.7 

8.4 

49.1 

34.4 

22 

1  7 

17,466 

.7 

6.  1 

1.6 

11.0 

38.5 

42.1 

23 

1  . 

14,612 

2.6 

8.4 

2.6 

16.9 

40.8 

28.7 

24 

20 

23,405 

1.1 

8.5 

1.5 

13.0 

45.5 

30.4 

25 

13 

17,138 

1.5 

12.3 

4.4 

16.5 

33.4 

31.9 

.'h 

1  3 

16,904 

2.7 

7.5 

2.7 

11.9 

36.5 

38.7 

11 

8 

13,098 

1.6 

13.9 

2.2 

22.3 

44.8 

15.2 

28 

1  ; 

22,145 

2.0 

12.9 

4.3 

13.7 

32.7 

34.4 

"' 

12 

20,630 

2.3 

10.4 

17.1 

40.9 

26.6 

30 

12 

21,368 

2.6 

14.1 

5.4 

18.2 

34.3 

25.4 

il 

8 

16,276 

3.2 

16.8 

i,." 

16.7 

27.0 

32 

13 

26,333 

2.3 

13.7 

6.3 

16.3 

32.7 

28.7 

33 

15 

31,468 

1.9 

13.4 

2.7 

17.5 

25.4 

39.1 

34 

13 

28,665 

5.6 

12.0 

.1.'' 

13.8 

28.7 

33.0 

3  5 

9 

23,096 

5.4 

16.9 

6.4 

20.4 

21.1 

29.8 

36 

8 

23,357 

>, .n 

14.6 

!.5 

14.8 

19.9 

42.2 

37 

K 

23,100 

2.5 

19.8 

6.6 

19.9 

24.5 

26.7 

38 

' 

23,443 

4.6 

10.9 

5.5 

12.0 

48.5 

18.5 

39 

3 

8,937 

12.6 

13.1 

4.4 

17.4 

41.0 

11.5 

.'] 

6 

17,505 

1.3 

12.0 

8 .  1 

'J.'l 

30.3 

38.4 

41 

8 

28,344 

10.0 

20.6 

9.7 

15.6 

25.6 

18.5 

42 

7 

24,396 

13.0 

14.5 

5.9 

21.6 

22.3 

22.7 

43 

'• 

15,371 

4.8 

27.0 

10.6 

19.9 

24.6 

13.1 

44 

5 

21,114 

7.4 

31.2 

2.7 

26.0 

15.7 

17.0 

45 

4 

15,271 

12.6 

18.2 

8.0 

17.3 

18.5 

20.9 

46 

1 

4,652 

5.4 

25.7 

23.6 

18.5 

13.4 

13.4 

kl 

4 

15,762 

6.9 

12.2 

4.0 

12.6 

14.6 

49.7 

48 

J 

9,664 

10.2 

20.5 

12.1 

14.8 

13.9 

28.5 

49 
50 
51 

0 
1 

10,241 

2.2 

6.5 

2.9 

24.5 

39.1 

24.8 

5,273 

0 

30.8 

0 

15.0 

43.6 

10.6 

Total  or 

average 

371 

606,243 

4.2 

13.6 

4.9 

15.7 

32.5 

29.1 

25 


Table  14. —Veneer  grade  recovery  by  scaling  diameter,  log  grade  No.  3— Coast  Douglas-fir 


Log 
scaling 

diameter 
(inches) 


Hi 
1  I 
L2 
1  i 
14 
15 
H, 

1  1 
L8 
L9 
JH 
21 
22 

2  .1 
24 
25 

2h 

27 
28 
29 

to 
31 
32 

1'. 

35 
36 

17 

18 

19 
40 

. 

4  ' 
43 
44 

<  5 

,., 

t7 
48 
49 
50 

il 

>2 
53 

Total  or 
average 


Number 
of 
logs 


1 

r. 
L2 

l.H 

1 
i.l 

15 
27 

;i 
■/ 
<• 
in 
' 
L9 
30 
■ 
25 
I  / 
21 
I'. 
I'i 
I. 
lr. 
I 
> 

7 
5 
1  I 
3 
7 
9 
2 
3 
2 
4 
_' 
il 
il 
1 
il 
'I 
■I 
0 
1 


Veneer 
volume  , 
3/8-inch 

basis 


Recovery  by   veneer   grade 


re   feet 

756 

2,304 

i ,  844 

7,236 

13,077 

16,040 

16,720 

17,857 

18,111 

14,033 

23,653 

21,197 

19,736 

33,317 

35,994 

30,306 

24,778 

33,245 

30,803 

32,119 

27,265 

29,768 

24,176 

12,316 

16,695 

13,320 

30,324 

6,037 

19,150 

27,674 

5,989 

8,299 

5,877 

13,290 

6,258 


3,065 


649,610 


u 

0 
.2 
.4 

0 
.5 
.2 
.3 
.1 
.2 

.  7 

.6 

1.0 

.6 

.6 

.4 

.6 

1.4 

1.5 

.7 

1.2 

1.3 

1.7 

1.6 

1.4 

4.9 

3.6 

1.9 

5.7 

I .  8 

7. :. 

3.3 
3.2 
1.5 
2.8 


A  patch 


1.7 
0 

.2 
1.3 

.6 

I.  I 
1.3 


1  . 
1. 
2. 
1  . 
I  . 

3.1 
'.■i 
3.7 
3.6 

I .  K 

6.7 

'..ii 

5.3 

12.9 

9.8 

9.3 

11.9 

5.5 

20.5 

10.0 

21.1 

11.8 

14.5 

4.9 

14.1 


pat'.  Ii 


0.7 

0 

75.6 

22.0 

.4 

0 

63.5 

36.1 

.1 

.1 

42.4 

57.0 

.8 

1  .  5 

43.4 

52.6 

.4 

.7 

47.4 

51.0 

.| 

2.4 

34.9 

61.0 

.8 

2.7 

32.0 

63.0 

.3 

4.5 

23.7 

69.9 

3.5 

36.6 

58.3 

.4 

3.2 

32.8 

62.8 

6.0 

24.3 

65.9 

.8 

4.8 

21.6 

70.2 

1.1 

6.0 

21.3 

68.8 

1.1 

6.0 

24.5 

65.8 

.8 

6.7 

26.8 

63.4 

1.6 

8.5 

21.4 

64.8 

].'i 

6.3 

18.1 

71.3 

1.1 

6.3 

20.1 

68.2 

1.6 

6.9 

21.7 

64.8 

1.9 

.   . 

16.4 

70.3 

1  .9 

9.0 

15.1 

69.5 

1.3 

11.8 

15.2 

63.8 

1  .  i 

15.2 

20.6 

55.4 

1.0 

12.0 

12.9 

67.1 

S.'< 

17.2 

18.2 

44.2 

.9 

15.2 

15.4 

57.3 

4.0 

13.7 

18.8 

49.3 

16.5 

18.7 

45.8 

.7 

8.3 

11.0 

72.6 

4.2 

16.0 

16.4 

37.2 

3.2 

13.6 

18.5 

50.9 

1.7 

13.1 

12.7 

43.9 

6.4 

15.3 

16.5 

46.7 

1  .6 

17.5 

17.0 

46.2 

9.7 

12.8 

25.7 

45.4 

.6 

10.9 

20.4 

51.2 

26 


Table  15.  — Veneer  grade  recovery  by  scaling  diameter,  log  grade  No.  4— Coast  Douglas-fir 


Log 
scaling 
diameter 
(inches) 


Number 
of 
logs 


Veneer 

volume  , 

3/8-inch 

basis 


Recovery  by  veneer  grade 


9 
LO 

11 
12 
13 
1-'. 
15 
If 
17 
18 
19 
20 
-  I 
.'_' 
23 
24 
25 

.'ft 

.'7 
28 
29 
30 
31 
JJ 
33 
M 
35 
it, 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
'.,1 
52 
3) 
54 
55 

Total  or 
average 


1 

i) 

1 

ft 

11 

12 

L9 

L7 

13 

1  i 

18 

23 

2] 

L4 

IK 

14 

1  1 
12 
16 
12 

ft 

l  : 
•> 
y 
•i 
t, 
5 
3 
ft 
2 
3 
2 
1 
3 
J 
|J 
2 
1 
1 
0 
0 
ti 
ft 
) 

0 
0 

1 


Square  feet 
217 

380 

2,178 

2,550 

3,631 

7,368 

6,529 

5,764 

7,687 

8,836 

14,845 

15,096 

11,599 

11,692 

11,278 

18,021 

11,343 

15,119 

13,592 

6,916 

15,098 

11,800 

9,423 

11,095 

10,535 

7,739 

3,812 

12,402 

2,285 

8,503 

2,398 

1,928 

8,339 

2,035 

3,996 
3,034 
2,367 


3,464 


0 

0 

3.0 

2.8 
.3 

0 

1.7 

0 

0 
.1 
.6 
.1 
-  1 
.4 
.9 
." 

2.2 

.7 

.1 

3.4 

I  .  1 

2.2 

.9 

3.6 

2.7 


.4 
2.2 
5.4 

4.3 

18.5 

8.7 


0 

1.3 
.9 

.1 
.2 


1 
1 
1.8 
1.3 
.8 
5.0 
3.8 
7.1 

11.2 

5.7 
9.8 
7.8 
9.9 

7.1 
4.7 
9.  I 
6.3 

18.1 

8.4 

23.6 


0 
1.6 

0 
.2 

.4 

.  I 
.  8 
.4 

.4 
1  . 

.6 
2.4 

.3 
1.0 
1.6 
'.'i 
1  .'■ 

.9 
4.6 
3.7 
'i.  1 
5.1 
2.9 
7.4 
8.0 
1.5 
4.1 
8.8 
(i 

3.0 
2.7 
1.4 

15.9 
3.7 
2.4 


0 

2.3 

.5 

.  2 

2.4 

1  .  1 

I  .  1 

1.9 

2.2 

1.5 

1.8 

2.4 

4.3 

1.9 

4.  7 

4.1 

8.5 

10.8 

2.7 

7.5 

ft. ft 

9.1 

7.0 

9.4 

7.3 

5.0 

8.7 

4.1 

14.6 

9.0 

23.7 

20.2 

10.0 

.. 

6.7 
13.6 


11.6 

18.4 

13.0 

78.8 

18.5 

77.3 

8.5 

90.7 

10.5 

86.5 

5.7 

90.6 

21.1 

75.5 

18.0 

79.7 

11.8 

85.4 

12.3 

84.4 

14.1 

82.7 

18.1 

78.3 

13.6 

77.0 

9.8 

86.5 

10.7 

81.7 

10.3 

81.8 

11.5 

73.1 

9.5 

76.2 

10.6 

84.9 

15.1 

64.4 

12.5 

72.3 

15.3 

63.2 

14.5 

68.7 

10.0 

62.9 

18.7 

58.2 

14.0 

60.9 

17.2 

57.7 

19.7 

50.7 

14.8 

44.  7 

19.6 

64.3 

21.2 

47.0 

21.1 

44.5 

69.4 

17.3 

36.2 

10.7 

52.0 

7.9 

43.8 

27 


Table  16. —Veneer  grade  recovery  by  scaling  diameter,  all  log  grades— Coast  Douglas-fir 


Log 

Number 

Veneer 

Recovery 

bv  veneer  erade 

scaling 
diameter 

of 
logs 

volume, 

3/8-inch 

A 

A   patch 

B 

B  patch 

c 

D 

(inches) 

bas  i  s 

Square  feet 
217 

p 

9 

1 

0 

0 

0 

0 

19.8 

80.2 

10 

1 

291 

0 

1.7 

.7 

0 

75.6 

22.0 

11 

'J 

1,635 

.7 

3.0 

2.4 

2.0 

47.4 

44.5 

1.' 

27 

6,465 

1.3 

.9 

1.1 

1.0 

43.1 

52.6 

1  i 

)8 

9,579 

l.n 

1.3 

.7 

1.6 

42.2 

53.2 

1.', 

45 

15,145 

.4 

.8 

1.2 

1.6 

42.4 

53.6 

r. 

1,1 

24,787 

.3 

.6 

.6 

.'.i. 

32.2 

63.7 

16 

!,') 

30,413 

.7 

1.7 

1.  1 

3.4 

32.4 

60.7 

1  7 

51 

28,002 

.5 

2.0 

.8 

4.5 

29.0 

63.2 

IN 

70 

40,443 

.5 

2.5 

1.6 

■•■'< 

37.5 

52.0 

19 

v. 

36,888 

.4 

2.4 

1.  1 

4.6 

33.2 

58.3 

jn 

67 

48,585 

.5 

3.9 

1.7 

7.4 

32.6 

53.9 

21 

75 

61,238 

.7 

4.3 

1.9 

6.4 

28.8 

57.9 

22 

Ml 

57,633 

.9 

4.4 

2.1 

7.0 

30.0 

55.6 

23 

60 

56,518 

1.4 

6.2 

2.7 

11.2 

30.8 

47.7 

24 

67 

71,594 

.8 

4.5 

l.n 

8.5 

31.3 

53.9 

25 

,,:-: 

85,677 

1.2 

5.8 

2.4 

10.9 

25.8 

53.9 

26 

3  7 

68,410 

1.3 

6.4 

1.8 

9.0 

24.2 

57.3 

27 

,i, 

61,210 

1.  2 

6.1 

2.7 

11.8 

25.2 

53.0 

JH 

■,i, 

82,896 

1  .'. 

7.8 

2.9 

10.8 

25.4 

51.6 

."1 

40 

63,625 

1.9 

5.9 

2.2 

10.9 

25.9 

53.2 

10 

48 

76,910 

2.6 

9.2 

i .  h 

11.5 

21.7 

51.4 

11 

41 

70,145 

1  .8 

8.5 

3.6 

12.6 

21.5 

52.0 

32 

44 

81,774 

3.1 

11.4 

4.1 

15.0 

25.5 

40.9 

33 

41 

79,642 

2.3 

9.6 

2.7 

14.0 

23.0 

48.4 

',', 

I  i 

70,440 

5.1 

14.2 

7.  1 

14.6 

23.4 

35.6 

J  5 

M 

72,684 

4.3 

15.0 

4.1 

16.4 

24.1 

36.1 

36 

28 

72,314 

6.6 

14.8 

5.1 

12.9 

27.5 

33.1 

37 

32 

80,783 

3.9 

15.2 

>.  < 

16.8 

22.1 

36.7 

IH 

19 

48,203 

6.1 

11.7 

l.M 

11.7 

39.7 

26.9 

19 

17 

49,386 

7.0 

14.3 

6.6 

18.2 

25.6 

28.3 

4u 

24 

71,170 

4.2 

14.7 

X.I] 

14.8 

21.9 

36.4 

41 

15 

49,627 

7.9 

17.3 

7.7 

16.5 

27.7 

22.9 

42 

18 

58,264 

6.7 

15.8 

8.1 

19.3 

21.4 

28.7 

43 

10 

25,458 

4.2 

22.2 

8.5 

17.8 

22.7 

24.6 

44 

1  1 

49,392 

21.6 

B.O 

17.2 

22.8 

21.9 

45 

8 

25,525 

8.9 

17.2 

7.4 

14.3 

18.8 

33.4 

.',1, 

5 

18,451 

15.8 

22.0 

14.5 

8.8 

19.0 

19.9 

47 

M 

32,432 

6.2 

18.2 

5.9 

13.6 

16.0 

40.1 

48 

7 

33,106 

11.1 

25.1 

12.9 

14.0 

20.9 

16.0 

49 

5 

22,425 

7.0 

14.3 

8.0 

17.7 

38.6 

14.4 

3d 

3 

14,611 

14.0 

16.4 

13.1 

12.4 

34.9 

9.2 

51 

3 

14,060 

4.0 

18.1 

8.5 

14.0 

43.3 

12.1 

52 

1 

2,258 

10.0 

16.3 

2.2 

8.5 

3.7 

59.3 

53 

54 
55 

2 

n 
1 

7,724 

17.3 

17.2 

17.2 

12.0 

19.2 

17.1 

3,464 

5.3 

7.9 

1.7 

5.5 

15.6 

64.0 

Total  or 

average 

1,484 

1,981,499 

3.5 

10.3 

4.3 

12.0 

26.5 

43.4 

28 


Table  17.— Distribution  of  peeled  logs  by  present  Coast  Douglas-fir 
grades  as  a  percentage  of  new  grades 


New  grades 

Present  grades 

All  logs 

Logs 

1 

2 

3 

4 

Number  of  logs 

207 

371 

563 

343 

— 

1,484 

-  Percent  -   -  - 

Number 

No.  1  Peeler 

3 

1 

— 

— 

1 

10 

No.  2  Peeler 

17 

3 

— 

— 

3 

45 

No.  3  Peeler 

42 

17 

2 

-- 

11 

160 

Special  Peeler 

20 

12 

1 

— 

6 

93 

No.  1  Sawmill 

— 

— 

— 

— 

— 

-- 

No.  2  Sawmill 

L8 

66 

66 

16 

48 

712 

No.  3  Sawmill 

(1/) 

1 

31 

84 

31 

464 

—  Less  than  0.5  percent, 


Table  18.— Distribution  of  peeled  logs  by  new  grades  as 
percentage  of  present  Coast  Douglas-fir  grades 


New  grades 

Present  grades 

Logs 

1 

2 

3 

4 

Number  of  logs 

207 

371 

563 

343 

1,484 

-  -  Pen 

tent  -  - 

Number 

No.  1  Peeler 

70 

30 

— 

— 

10 

No.  2  Peeler 

76 

24 

-- 

— 

45 

No.  3  Peeler 

34 

40 

6 

-- 

160 

Special  Peeler 

44 

48 

8 

— 

93 

No.  1  Sawmill 

— 

— 

— 

— 

— 

No.  2  Sawmill 

5 

35 

52 

8 

712 

No.  3  Sawmill 

(1/) 

(1/) 

38 

62 

464 

All  logs 

14 

25 

38 

23 

— 

1/ 


Less  than  0.5  percent. 
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Table  19.— Summary  of  regressions  to  estimate  Coast  Douglas-fir  veneer  grade 
yield  percentages  by  new  cruising  grades1  2 


Log  grade 


Equation 

components 

and  correlation 

coefficients 


Veneer  grade 


A  patch 


B  patch 


-A. 3970 
.3076 

12.6 


3.9789 
.3596 

7.5 


-1.4637 
.2  706 

15.7 


11.4281 
.0981 

6.0 


69.4019 
-.9505 

26.1 


21.0518 
-.0853 

2.3 


3.4911 

-5.6803 

-1.5951 

1.6300 

74.5566 

34.5799 

.2264 

.5702 

.2036 

.4154 

-1.2537 

-.1619 

15.7 


19.8 


22.4 


28.7 


11.4 


13.7 


22.4 


11.9 


19.7 


13.4 


(2/) 


1.4894 

4.6036 

2.1044 

-7.1942 

82.5624 

16.4343 

-.1643 

-.5223 

-.1819 

.6403 

-3.8282 

4.0564 

.0053 

.0178 

.0057 

-.0026 

.0548 

-.0810 

6.0 


4.6437 

.7599 

-2.7078 

-4.8265 

13.4055 

88.7251 

-.3976 

-.1870 

.2050 

.3912 

-.0111 

-.0005 

.0097 

.0095 

-.0008 

-.0008 

-.0008 

.0014 

13.4 


25.5 


10.9 


15.2 


(2/) 


18.2 


All  log  grades 


2.8017 

-.2839 

.0088 

18.2 


-3.3219 
.2096 
.0059 

24.0 


1.3517 

-11.6706 

63.3770 

47.4622 

-.1147 

1.1307 

-2.2236 

1.2818 

.0060 

-.0118 

.0305 

-.0394 

17.0 


18.3 


5.0 


8.6 


—  To  calculate  the  percentage  of  veneer  in  a  log  grade  and  diameter  class,  complete  the  equation: 

2 
Percentage  =  a(±)b      (diameter)  (±)b      (diameter)  .   For  example:   Percentage  of  A  veneer  in  log  grade 

No.  1  =  -4.3970  +  0.3076  (log  scaling  diameter);  Percentage  of  C  veneer  in  log  grade  No.  3  =  82.5624 

2 
-  3.8282  (log  scaling  diameter)  +  0.0548  (log  scaling  diameter)  . 

2/ 

—  All  regressions  are  significant  at  the  5-percent  level  except  for  log  grade  No.  2  D  veneer  and 

log  grade  No.  4  C  veneer. 
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THE  NEW  GRADING  RULES 

GENERAL  SPECIFICATIONS 

1.  The  grades  are  intended  for  16-foot  "log'—/  lengths  as  commonly 

cruised  in  standing  trees.    If  the  cruise  log  length  includes  trim 
allowance,  the  specifications  must  be  applied  to  the  entire  length. 

2.  The  grades  are  not  intended  for  application  to  cull  logs  (logs  with 
more  than  a  two-thirds  cruise  volume  deduction). 

3.  Log  diameter  is  not  a  specific  grading  criteria.     The  effect  of  log 
grade  and  size  on  value  and  product  recovery  is  reflected  in  the 
tables. 

4.  Most  of  the  grading  specifications  are  applied  by  log  "faces.  "    A  log 
face  is  one-quarter  of  the  log  circumference  for  the  full  length  of 
the  log. 

5.  A  log  adjacent  to  a  cull  log  must  be  lowered  one  grade  even  if  it 
meets  specifications  for  grade  1,  2,  or  3. 

DEFINITIONS  OF  GRADING  CHARACTERISTICS 

1.  Knots  refer  to  sound,  live,  or  dead  limbs  or  limb  stubs  outside  of  knot 

cluster.     Diameter  of  knot  is  measured  at  the  log  surface,  inside 
the  bark  but  outside  the  limb  collar  or  swelling  that  may  be  present. 

2.  Knot  indicators    are  bark  distortions  which  indicate  the  presence  of 
an  underlying  knot.     Usually  there  is  a  small  hole  or  depression  in 
the  center  of  the  distortion.     Indicator  size  is  determined  by  the 
vertical  diameter  of  the  depression. 

3.  Knot  clusters  are  three  or  more  sound  limbs  or  stubs,  1  inch  or 
larger,  in  an  inseparable  group.  The  size  of  individual  knots  in  a 
cluster  is  not  considered. 

4.  Cluster  indicators  are  three  or  more  knot  indicators,  usually  well 
defined  by  a  distorted  bark  pattern  and  surface  rise. 

5.  Scars  are  breaks  in  the  normal  bark  pattern  caused  by  injuries  from 
fire,  logging,  frost,   and  lightning.     They  may  be  completely  over- 
grown with  callus  tissue  (old  injuries),  partially  overgrown,  or  open 
(of  recent  origin).    Their  condition,  location,  and  size  determine 
whether  they  are   degrading  and  therefore  considered  in  the  log 
grading  specifications  or  superficial  and  disregarded. 


— '  The  term  "log"  refers  to  designated  sections  of  standing  trees. 
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(a)  Degrading  soars: 

A  scar  is  considered  to  be  degrading  when  the  underlying  wood 
is  decayed,  excessively  pitchy,  severely  checked,  or  otherwise 
injured  to  the  extent  that  lumber  or  veneer  recovery  would  be 
affected. 

(b)  Superficial  soars: 

A  superficial  scar  is  a  shallow,  open,  and  sound  injury  of 
relatively  recent  origin  that,  in  the  judgment  of  the  cruisers, 
will  not  affect  lumber  or  veneer  recovery  and  therefore  is 
disregarded.    Small  scars — 6  by  6  inches  or  less — whether 
open  or  overgrown,  are  also  considered  to  be  superficial 

providing  they  do  not  contain  rot  or  are  not  located  in 
the  lower  8  feet  of  the  butt  log  (see  scar  specifications 
for  grades  1  and  2). 

6.  Conks     are  the  fruiting  bodies  of  fungi  and  indicate  presence  of 
interior  rot. 

7.  Cankers    are  lesions  characterized  by  distorted  bark,  callus  tissue, 
and  pitch  flow.    Common  causes  are  mistletoe  and  rusts. 

8.  Rotten  knots  are  live  or  dead  limbs  or  stubs  showing  rot.     Rotten 
or  "punky"  knots  are  treated  the  same  as  conks. 

9.  Sound  burls  are  round  or  elliptical  woody  growths  that  protrude 
abruptly  from  the  log  surface  with  no  evidence  of  decay  or  pitch. 

10.  Unsound  burls  are  characterized  by  evidence  of  decay  or  heavy 
pitch  or  both. 

11.  Bumps  and  bulges  are  bark  covered  swellings  on  the  log  surface 
that  do  not  conform  to  the  normal  taper  or  normal  butt  swell. 

12.  Epicormio  branches  are  small,  sprout-type  limbs,  that  originate 
from  dormant,  usually  1/2-inch  diameter  or  less,  or  adventitious 
buds. 

13.  Holes  are  the  result  of  bird  peckings  or  insect  activity  into  the 
cambium. 
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APPLICATION  OF  GRADES 

Cruisers  (log  graders)  usually  develop  their  own  procedures  for  applying 
grading  rules.     Suggested  steps  are: 

1.  Size  up  each  log  with  respect  to  knots,  determining  either  the  poorest 
(most  shallow)  or  best  (clearest)  side. 

2.  Establish  log  grading  faces  based  on  the  presence  and  character  of 
any  knots  or  indicators.    Once  the  grading  faces  on  a  log  are 
established,  they  cannot  be  shifted.     Exception:    see  specifications 
for  burls. 

3.  Apply  knot  or  indicator  specifications  to  determine  preliminary 
grade  of  log;  then  apply  other  grading  criteria  such  as  scars,  conks, 
etc. ,  to  establish  final  grade.     For  example,  if  the  log  is  knot  free, 
it  is  a  potential  grade  No.   1.     The  grader  would  then  look  for  other 
possible  limiting  characteristics  to  establish  the  final  grade. 
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A  Summary  of  Specifications  for  the  New  Timber  Cruising  Grades  for  Coast  Douglas-fir 


Log 
characteristic 

Grade  No.  1- 

Grade  No.  2- 

Grade  No.  3^' 

Grade 

No.  4 

Knots  (sound) 

One  allowed  if  1  inch  or  less, 

or 

one  larger  than  1  inch  if 
within  6  inches  of  log  end. 

None  allowed  on  two 
faces.   Knots  larger 
than  2  inches  must  be 
confined  to  upper  or 
lower  half  of  one 
face . 

Knots  (sound 
or  rotten) 
larger  than 
3  inches  must 
be  confined 
to  one  face. 

en 

o 

z 

CD 

-a 
to 

Rotten  knots 

None  allowed. 

None  allowed  unless 
log  is  otherwise 
grade  No.  1. 

u 

00 

u 
o 

U-l 

to 

Knot 
indicators 

If  larger  than  1  inch,  must  be 
confined  to  no  more  than  two 
faces. 

No  requirements. 

c 

OJ 

B 
oj 
u 

•H 

3 

Knot 
clusters 

None  allowed. 

One  if  confined  to 
one  face. 

Any  number  if 
confined  to 
no  more  than 
two  faces. 

a- 

(D 

u 

60 

c 

•H 

a> 

Knot  indicator 
clusters 

One  if  confined  to  one  face. 

No  requirements. 

B 

4-1 

o 

c 

60 

o 

Scars 

None  allowed  from  ground  line 
to  8  ft.   Above  8  ft.:  no  limit 
for  sound  scars  6"x6"  or  smaller, 
larger  sound  scars  must  be  con- 
fined either  to  one  face  or  not 
more  than  two  faces  in  any  1/4 
of  log  length.   No  rotten  scars 
allowed. 

All  scars  having  rot 
must  be  confined  to 
one  face. 

No 
requirements . 

H 

,a 

to 

c 
to 

a 
u 
cu 
B 

>, 

■1 

2/ 
Sound  burls- 

Disregard  burls  if  less  than  6  inches  in  diameter. 

If  larger  than  6-inch  diameter, 
must  be  confined  to  one  face. 

All  larger  than  6  inches  must  be 
confined  to  three  faces. 

Conks  ,  cankers , 

and 
unsound  burls 

None  allowed 

None  allowed  unless 
log  is  otherwise 
grade  No.  1. 

No 
requirements . 

Bumps  and  bulges 

None  6"x6"  or  larger  allowed 
from  ground  line  to  8  feet.   No 
requirement  above  8  feet. 

No  requirements. 

Epicormic  branches 
and  holes 

Must  be  confined  to  one  face. 

—  A  log  meeting  specifications  for  either  grade  No.  1,  2,  or  3  is  lowered  one  grade  if  adjacent 
to  a  cull  log. 

2/ 

—  When  burls  are  considered,  log  faces  can  be  shifted  from  the  faces  initially  established  for 

knots  or  other  characteristics. 
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The  mission  of  the  PACIFIC  NORTHWEST  FOREST 
AND  RANGE  EXPERIMENT  STATION  is  to  provide  the 
knowledge,  technology,  and  alternatives  for  present  and 
future  protection,  management,  and  use  of  forest,  range,  and 
related  environments. 

Within  this  overall  mission,  the  Station  conducts  and 
stimulates  research  to  facilitate  and  to  accelerate  progress 
toward  the  following  goals: 

1.  Providing  safe  and  efficient  technology  for  inventory, 
protection,  and  use  of  resources. 

2.  Development  and  evaluation  of  alternative  methods 
and  levels  of  resource  management. 

3.  Achievement  of  optimum  sustained  resource  produc- 
tivity consistent  with  maintaining  a  high  quality  forest 
environment. 

The  area  of  research  encompasses  Oregon,  Washington, 
Alaska,  and,  in  some  cases,  California,  Hawaii,  the  Western 
States,  and  the  Nation.  Results  of  the  research  will  be  made 
available  promptly.  Project  headquarters  are  at: 


Fairbanks,  Alaska 
Juneau,  Alaska 
Bend,  Oregon 
Corvallis,  Oregon 
La  Grande,  Oregon 


Portland,  Oregon 
Olympia,  Washington 
Seattle,  Washington 
Wenatchee,  Washington 


Mailing  address:    Pacific  Northwest  Forest  and  Range 
Experiment  Station 
P.O.  Box  3141 
Portland,  Oregon  97208 


GPO    .'  , 


The  FOREST  SERVICE  of  the  U.  S.  Department  of  Agriculture 
is  dedicated  to  the  principle  of  multiple  use  management  of  the 
Nation's  forest  resources  for  sustained  yields  of  wood,  water, 
forage,  wildlife,  and  recreation.  Through  forestry  research,  co- 
operation with  the  States  and  private  forest  owners,  and  man- 
agement of  the  National  Forests  and  National  Grasslands,  it 
strives  -  as  directed  by  Congress  -  to  provide  increasingly  greater 
service  to  a  growing  Nation. 


h 


y- 


// 


Ccfei: 


V 


^s^-:<-^ 


KZ&. 


MR 


1974 
usda  forest  service  research  paper  pnw-175 


Defect  Estimation 
k      For 

%  Grand  Fir  in  the 
Y  Blue  Mountains 
1  of  Oregon  and 
Washington 

Paul  E.  Aho 


v> 


P- 


pacific  northwest  forest  and  range  experiment  station    portland,  Oregon 
u.s.  department  of  agriculture  forest  service 


ABSTRACT 

A  total  of  1,090  grand  firs  with  and  without  various  indicators  of  defect 
were  dissected  and  studied  on  65  plots  from  11  widely  scattered  localities  in 
the  Blue  Mountains.     Two  methods  for  making  defect  deductions  for  grand  firs 
are  given.     (1)    Defect  percentages  of  gross  merchantable  Scribner  board- foot 
and  cubic-foot  volumes  are  tabulated  by  d.  b.  h.   and  age.     Then  constant  defect 
percentages  must  be  added  for  various  indicators.     Multiple  regression  equa- 
tions, used  to  derive  the  indicator  defect  percentage  tables,  are  also  provided. 
Equations  excluding  age  as  a  variable  are  included  for  use  when  age  is  unknown. 
(2)    Average  length  deductions  below  and  above  various  indicators  plus  flat 
factors  for  hidden  defect  are  also  presented. 

KEYWORDS:     Grand  fir,  defect  deduction  (merchantable  volume). 
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INTRODUCTION 


Grand  fir  is  an  important  component 
of  the  mixed-conifer  forests  at  middle  to 
higher  elevations  in  the  Blue  Mountains. 
In  recent  years  the  economic  value  and 
utilization  of  this  species  have  greatly 
increased.     Management  of  grand  fir  is 
difficult  because  of  excessive  defect, 
mainly  decay.      In  particular,    timber 
cruisers  are  handicapped  because  accu- 
rate methods  for  making  defect  estimates 
in  standing  trees  are  not  available.     To 
remedy  this  situation,  a  defect  study  was 
made  in  the  Blue  Mountains  from  1959-63. 

Two  methods  have  previously 
been  developed  for  estimating  the  extent 
of  defect  in  Douglas-fir,    western  larch, 
Engelmann  spruce,    and  grand  fir: 

(1)  equations  developed  through  multiple 
regression  analysis  whereby  a  percentage 
of  total  tree  cubic-  or  board-foot  vol- 
ume is  deducted  dependent  upon  tree  age 
and  d.b.h.  and  presence  or  absence  of 
various  indicators  of  internal  defect,  —' 

(2)  average  length  deductions  below  and 
above  indicators  and  a  flat  factor  for  defect 


associated  with  no  or  minor  indicators.—' 

Since  these  two  methods  were  devel- 
oped, cull  rules  for  true  firs  have  changed, 
requiring  a  revision  in  present  board-foot, 
defect-indicator  percentages.    The  previous 
cull  rule  indicated  that  a  true  fir  log  was 
considered  cull  if  it  was  more  than  50- 
percent  defective.      Because  utilization 
practices  have  improved  and  the  economic 
value  of  true  fir  logs  has  increased,  logs 
with  greater  defect  are  now  used.    A  true 
fir  log  is  now  considered  cull  if  it  is  more 
than  two-thirds  defective.    Because  of  this 
change,  the  board-foot,   indicator-defect 
percentages  previously  reported  are  too  high. 

In  addition,  the  second  method — aver- 
age length  deductions  below  and  above  var- 
ious indicators — has  been  only  presented 
in  a  slide-tape  program  and  never  published. 

The  objectives  of  this  paper  are  to 
report  revised  grand  fir  defect  indicator 
percentages  and  to  make  the  indicator  length 
deduction  factors  more  readily  available. 


—'  Paul  E.  Aho.    Defect  estimation  for  grand 
fir,  Engelmann  spruce,  Douglas-fir,  and  western 
larch  in  the  Blue  Mountains  of  Oregon  and  Washing- 
ton.   USDA  Forest  Service  Pacific  Northwest  Forest 
and  Range  Experiment  Station,  26  p. ,  illus. ,   1966. 
Portland,  Oregon. 


2/  Paul  E.  Aho,  Donald  P.  Graham,  and  John 
H.  Thompson.    Defect  estimation  in  the  associated 
species  of  the  Blue  Mountains — A  guide  for  the 
cruiser.    USDA  Forest  Service,  Region  6,  slide-tape 
movie,   1967.    Portland,  Oregon. 


STUDY  METHODS 


Study  trees  were  taken  on  one-fifth- 
acre  plots  systematically  selected  in 
mature  and  overmature  stands.    All  trees 
5- inch  d.b.h.    and  larger  were  dissected 
into  16-foot  logs  to  a  top  d.  i.b.  of  4  inches 
for  cubic-foot  volume  measurement. 
Board- foot  volumes  of  trees  11-inch  d.b.h. 
and  larger  were  measured  to  a  top  d.  i.b. 
of  8  inches.    Logs  were  further  dissected 
at  possible  external  indicators  of  decay 
and  wherever  necessary   for  measurement 
of  decay  columns.    Age   at  stump  height, 
d.b.h. ,    and  location  and  description  of 
decay  indicators,  if  present,  were  noted 
for  each  tree. 

Cubic-foot  volumes  of  logs  and  decay 
columns  were  computed  by  Smalian's  for- 
mula.   No  arbitrary  culling  rules  were 
used  in  cubic-volume  measurements. 


Board-foot  volumes  of  logs  in  trees  of 
11- inch  d.b.h.  and  larger  were  computed 
by  the  Scribner  log  rule,    and  board-foot 
deductions  for  decay,    shake,    and  frost 
cracks  were  made  by  the  squared- defect 
method.      In  board-foot  measurements 
logs  more  than  two-thirds  defective 
were  considered  cull. 

Multiple  regression  analysis  was 
used  to  develop  equations  for  estimating 
defect  percentages  for  individual  trees. 
Individual  trees  were  treated  as  independ- 
ent observations  even  though  they  were 
selected  as  a  group  on  the  one-fifth- acre 
plots.     Despite  statistical  disadvantages, 
plots  were  used  instead  of  random  tree 
selection,  because  they  made  it  possible 
to  obtain  many  more  trees  with  less 
time  and  effort. 


DEFINITIONS 


Defect  for  cubic-volume  measure 
includes  decay  only;  decay,  shake,  check, 
and  frost  cracks  are  included  in  board-foot 
measure.    Crook,  sweep,  breakage  in  fell- 
ing and  missing  parts  of  trees,  such  as 
scars  caused  by  fires  and  broken  tops,   are 
not  deducted  in  either  volume  measurement. 

Defeat  percentages  include  the 
appropriate  defect  within  the  tree  from  a 
1-foot  stump  height  to  a  4-inch  top  (d.  i.b. ) 
for  cubic- foot  volume  for  trees  5- inch 
d.b.h.  and  larger  and  to  an  8-inch  top 
(d.i.b. )  for  Scribner  board-foot  volume 
for  trees  11- inch  d.b.h.   and  larger. 

Defeat  indicators  are  visible  exter- 
nal indications  that  there  may  be  some  type 
of  defect  within  the  merchantable  part  of 
the  tree.     Some  indicators  are  more  con- 
sistently associated  with  defect  than  others. 
Statistical  analysis  indicated  that  conks  of 
the  Indian  paint  fungus    (Echinodontitan 


tinctorium) ,   basal  injuries,  trunk  injuries, 
frost  cracks,  and  dead  and  broken  tops  are 
consistently  associated  with  defect  in  grand 
firs  and  thus  have  value  in  defect  estimation. 
Minor  indicators — crooks,  forks,  dead  verti- 
cal branches,  basal  and  trunk  injuries  less 
than  6  years  old,  and  trunk  injuries  less 
than  1  foot  long — are  not  frequently  asso- 
ciated with  defect  or  may  be  associated 
with  only  small  amounts.     Their  value  in 
defect  prediction  is  unimportant. 

Conks  are  the  external  fruiting  bodies 
of  fungi  causing  decay  within  trees.     The 
only  fungus  found  consistently  producing 
conks  on  grand  firs  was  the  Indian  paint 
fungus  (fig.   1).     Significant  amounts  of 
decay  by  this  fungus  were  seldom  found 
without  associated  conks.    They  are  the 
most  reliable  defect  indicators  for  grand 
fir,     and  trees  bearing  Indian  paint  fungus 
conks  are  frequently  rotten  from  the  ground 
line  to  above  the  4- inch-top  diameter  (fig.  2). 


INDICATES    DECAY 

Figure    1. --Indian  paint 
fungus   conks . 


They  are  generally  seen  protruding  at  the 
base  of  branch  stubs  but  may  also  be 
attached  to  live  branches.     When  located 
in  the  live  crown,    they  can  be  easily 
overlooked  or  mistaken  for  burls,  which 
do  not  indicate  the  presence  of  decay. 

Other  fungi  such  as  Pholiota  adiposa 
and    Reviaivm  dbietis     may  produce 
sporophores  on  or  near  injuries  at  certain 
times  of  the  year.    In  these  cases  deduc- 
tions should  be  based  on  the  type  of  injury 
present. 


Figure  2. 
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INDICATES    DECAY 


Figure    3. --Basal   injury  with 
visible   decay. 


Figure    4. --Old,    nearly        

grown-over  basal   injury. 
Inconspicuous   injuries 
such   as    this    one    should 
not  be   overlooked  because 
significant   errors    in 
volume   estimates   may 
result. 


Basal  injuries   include  open  or 
closed  wounds — caused  by  fire  (fig.   3), 
root  rots,    falling  trees,    or  mechanical 
logging  equipment — in  contact  with  the 
ground  (basal  frost  cracks  should  not  be 
included  here).    They  are  the  second  most 
reliable  defect  indicator  in  grand  fir. 
Some  basal  scars  are  inconspicuous  (fig.  4) 
and  sometimes  overlooked;  thus  significant 
errors  in  volume  estimates  may  result. 
Basal  injuries  less  than  6  years  old  should 


be  ignored  since  little  or  no  defect  is 
associated  with  them. 

Trunk  injuries  include  open  or 
closed  wounds — caused  by  falling  trees, 
lightning,  animals,  and  logging  equip- 
ment (fig.  5) — below  the  merchantable 
top  but  not  in  contact  with  the  ground. 
Wounds  less  than  6  years  old  and  less 
than  1  foot  long  should  be  ignored  (fig.  6). 


INDICATES   DECAY- 


Figure    5. — Old,    partially   healed 
trunk    injury. 


DOES    NOT   INDICATE   DECAY 


Figure    6. — Trunk   injury    less 
than   1    foot    long. 
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INDICATES   DECAY 


Figure    7. — Bleeding    frost 
crack. 


Frost  cracks   are  open  or  closed 
scars  or  seams  probably  caused  by  freez- 
ing (fig.  7).    Frost  cracks  are  very  com- 
mon in  grand  fir  and  are  associated  with 
wetwood  (fig.   8).     The  term  "wetwood"  is 
used  to  describe  the  occurrence  of  exces* 
sive  wood  moisture  at  or  near  the  center 
and  usually  in  the  butt  log  near  the  ground 
in  many  grand  fir  trees.     It  is  also  com- 
monly associated  with  injuries  higher  in 
the  tree.    The  specific  cause  of  wetwood 
is  unknown.     Trees  with  bleeding  frost 
cracks  at  their  bases  will  often  have 
Indian  paint  fungus  conks  higher  on  their 
trunks.     Decay  associated  with  the  conks 
will  not  usually  extend  into  the  wetwood 
and  frost  crack  area,  probably  because 
the  wood  is  too  wet  or  because  of  antago- 
nism by  micro-organisms  present  in  the 
wetwood  zone.    Although  decay  may  not 
develop  in  the  wetwood  zone,  there  is 
generally  considerable  defect  due  to  shake, 
checks,   and  frost  cracks. 


Figure   8. --Cross    section 
through   frost   crack 
showing   associated 
wetwood  and   shake. 
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INDICATES    DECAY 


Figure  9. — Broken  top, 


INDICATES   DECAY 


Figure  10. --Dead  top. 


Top  injuries     are  broken  (fig.  9) 
or  dead  tops  (fig.   10)  occurring  below 
the  merchantable  top  diameter.    Recently 
broken  or  killed  tops  should  be  ignored. 


Minor  indicators  include  forks 
(fig.   11),  crooks  (fig.   12),  dead  vertical 
branches  (fig.   13),  basal  (fig.   14)  and 
trunk  (fig.   15)  injuries  less  than  6  years 
old,  and  trunk  injuries  less  than  1  foot 
long  (fig.  6).    Certain  types  of  these  indi- 
cators may  only  infrequently  be  associated 
with  decay,  or  the  associated  decay  may 
be  quite  limited.    Statistical  analysis  of 
the  relation  between  these  indicators  and 
associated  decay  indicated  little  or  no 
effect  on  defect  estimation.    It  is  not 
necessary  for  the  cruiser  to  make  defect 
deductions  for  these  minor  indicators. 


DOES    NOT   INDICATE   DECAY 
Figure   11. — Fork. 


;i.  * 


Figure  12. — Crook. 


Figure  13. — Dead  vertical  branch. 


DOES    NOT   INDICATE    DECAY 


Figure  14. --Basal  injury  less 
than  6  years  old. 
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Figure  15. --Trunk  injury  less 
than  6  years  old. 
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DEFECT  ESTIMATION  IN  INDIVIDUAL  GRAND  FIRS 


Indicator  defect  factors  are  presented 
as  (1)  percentages  of  gross  merchantable 
tree  cubic-foot  and  Scribner  board-foot 
volumes,  and  (2)  average  length  deductions 
below  and  above  indicators  with  flat  per- 
centage factors  for  hidden  defect.    The 
defect  factors  are  based  on  a  sample  of 
1,090  trees,  with  and  without  various 
indicators,  from  65  one- fifth- acre  plots 
in  11  widely  scattered  localities.    Both 
methods  of  estimating  defect  may  often  be 
fairly  accurate  with  small  samples,  per- 
haps even  with  single  trees;  however, 
greatest  accuracy  will  be  obtained  when 
they  are  applied  to  large  numbers  of  trees. 
The  two  methods  cannot  be  used  together. 
In  a  given  timber  cruise,  one  or  the  other 
estimation  method  must  be  used. 

Indicator  Percentage 
Defect  Factors 

Defect  percentages  derived  from 
multiple  regression  equations  (see 
appendix)  are  tabulated  by  d.b.h.   and 
age.    Constant  defect  percentages  must 
be  added  to  those  obtained  from  the  tables 
when  various  indicators  are  present. 
Equations  for  use  when  ages  are  not 
available  are  also  included  in  the  appen- 
dix.   If  the  equations  are  to  be  used  in 
a  computer  program,  consideration 
must  be  given  to  the  fact  that  defect 
percentages  for  some  combinations  of 
d.b.h. ,  age,  and  indicators  can  be 
less  than  zero  or  greater  than  100  per- 
cent.   In  these  cases,  provision  should 
be  made  in  the  program  to  set  the  per- 
centages at  zero  or  100  percent. 

Application  of  percentage  defect 
factors.--  Accurate  application  of  defect 
percentages  in  tables  1  and  2  requires 
familiarity  with  the  indicators  that  are 
reliably  associated  with  defect.    Sample 
trees  must  be  carefully  examined,  the 
presence  of  meaningful  indicators  noted, 
and  d.b.h.  and  age  measured. 
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Defect  percentages  can  be  determined 
from  the  appropriate  table  or  by  computer 
using  the  equations  in  the  appendix. 

For  instance,  a  16-inch,   160-year- 
old  grand  fir  without  indicators  would 
have  deductions  of  2  percent  of  its  gross 
merchantable  cubic  volume  (table  1)  and 
7  percent  of  its  Scribner  volume  (table  2). 
If  the  same  tree  has  one  or  more  Indian 
paint  fungus  conks  and  a  basal  injury  6 
or  more  years  old  it  would  be  necessary 
to  add  28  percent  for  the  conks  and  6  per- 
cent for  the  basal  injury  to  the    2-percent 
deduction  previously  obtained  from 
table  1,  to  get  a  total  cubic-foot  deduction 
of  36  percent.     The  additional  deductions 
for  these  indicators  in  board  foot  measure 
are  56  percent  for  the  conks  and  21  percent 
for  the  basal  injury  for  a  total  deduction 
of  84  percent  (table  2). 

Indicator  Length  Deductions  and 
Flat  Factors  for  Hidden  Defect 

Many  timber  cruisers  determine  net 
tree  volumes  by  deducting  portions  of  trees 
below  and  above  visible  indicators  of 
defect.    Therefore,  average  length  deduc- 
tions are  presented  for  the  major  indica- 
tors occurring  on  grand  fir  (table  3). 
Length  deductions  include  all  defect  above 
and  below  indicators,  except  when  defect 
can  only  extend  in  one  direction,  such  as 
above  basal  injuries  or  below  broken  tops. 

The  length  deductions  are  averages 
derived  from  dissection  and  measurement 
of  relatively  large  numbers  of  trees;  how- 
ever, there  was  considerable  variation  in 
decay  column  length  for  a  given  type  of 
indicator.    Questionable  results  may  occur 
if  the  defect  factors  are  applied  to  small 
numbers  of  trees. 

From  table  3,  it  is  obvious  that  except 
for  Indian  paint  fungus  conks,  there  is  a 
large  percentage  of  each  indicator  that 
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Table   3. — Length  deductions  for  most  reliable  indicators  on  grand  fir 


Percent  of 

indicator 

associated 

Average  length 

deduction 

Indicator 

Below 

Above 

with  decay 

indicator 

indicator 

Indian  paint  fungus  conks 

100 

17 

20 

Basal  injuries 

79 

— 

H 

Trunk  injuries 

<-' 

2 

'< 

Frost  cracks 

32 

— 

3 

Broken  or  dead  tops 

50 

3 

— 

is  not  associated  with  decay  and  thus 
would  require  no  deductions.    However, 
in  most  cases  there  is  no  way  of  telling 
which  of  these  indicators  can  be  ignored 
by  looking  at  the  standing  tree.     There- 
fore, the  average  deduction  for  a  given 
indicator  should  be  applied  to  each 
individual  tree  with  that  indicator. 

Application  of  length,  deductions 
and  flat    factors  for  hidden  defect.  — 
The  length  deductions  in  table  3  are  for 
the  most  reliable  indicators  of  defect 
in  grand  fir.    Application  of  the  average 
length  deductions  is  as  follows:    If  a  tree 
has  a  series  of  Indian  paint  fungus  conks 
and  a  broken  top,  deduct  those  portions 
of  the  tree  from  17  feet  below  the  lowest 
conk  to  20  feet  above  the  highest  conk  and 
from  the  broken  top  to  3  feet  below  (table 
3).    In  cases  where  there  are  two  or  more 
indicators  in  one  segment  of  the  tree,  use 
the  indicator  that  results  in  the  largest 
deduction.     For  instance,  if  there  is  a 
trunk  injury  with  a  series  of  Indian  paint 
fungus  conks,  ignore  the  trunk  injury  and 
base  the  deduction  on  the  conks. 


Total  net  volume  of  sample  trees, 
determined  by  using  the  indicator  length 
deduction  factors,    must  be  further 
adjusted  for  hidden  defect.      Hidden 
defect  includes  shake  and  decay,  which 
is  caused  by  fungi  entering  trees  through 
roots,   branches,   or  injuries  that  are 
not  visible  because  they  are  grown  over 
or  are  too  high  in  the  live  crown.      In- 
cluded with  hidden  defect  are  the  small 
amounts  of  decay  that  are  occasionally 
associated  with  minor  indicators,   such 
as  crooks,  forks,  dead  vertical  branches, 
basal  and  trunk  injuries  less  than  6  years 
old,    and  trunk  wounds  less  than  1  foot 
long. 

Total  net  cubic-foot  and  Scribner 
board-foot  volumes  must  be  reduced  by 
1  and  3  percent,  respectively,  to  account 
for  hidden  defect.    This  gives  the  net 
sound  volume  of  the  sample,    excepting 
deductions  for  sweep,  breakage  in  logging, 
and  missing  parts  of  trees — such  as 
broken  tops  or  portions  of  butt  logs 
burned  away  by  fire. 
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APPENDIX  .         DEFECT  ESTIMATING  EQUATIONS 

The  following  multiple  regression  equations  are  for  estimating  percent  cubic-foot 
and  Scribner  board-foot  volume  loss  for  individual  grand  firs  in  the  Blue  Mountains  of 
Oregon  and  Washington.    The  first  and  third  equations  were  used  to  derive  tables  of 
defect  percentages  for  tree  d.  b.h. ,  age,  and  various  defect  indicators  (tables  1  and  2). 
Since  it  is  not  always  possible  or  feasible  to  obtain  tree  ages  while  cruising,  equations 
without  age  as  a  variable  are  also  included  (equations  2  and  4). 

There  are  limitations  in  the  use  of  these  equations  in  computer  programs.    Some 
combinations  of  tree  d.  b.  h. ,  age,  and  defect  indicators  may  give  defect  percentage 
estimates  less  than  zero  or  greater  than  100.     Provision  should  be  made  in  the  program 
for  setting  these  erroneous  percentages  to  zero  or  100  percent. 

Cubic-foot  Volume  Equations 

1.  P     =  -2.583+  0.049,4  +  6.416B  +  27.780C  -  0.2230  +  8.374P  +  2.223P  +  6.903(7 

a 

(R2  =  0.58) 

2.  P     =   2.709  +  8.0165  +  28.596C  -  0.0890  +  9.024£  +  3.772P  +  7.056G 

a 

(R2  =  0.56) 
Scribner  Board-foot  Volume  Equations 

3.  P,    =  0.692  +  0.13&4  +  21.1545  +  55.782C  -  0.9565  +  19.242P  +  6.598P  +  12.419(7 

b 

(fl2  =  0.62) 

4.  Pb  =   17.159  +  25.7375  +  58.057C  -  0.6345  +  21. 3295  +  10.253P  +  12.032G 


(P2  =  0.58) 


Where: 


P  =  percent  of  gross  merchantable  cubic-foot  volume  that  is  cull. 

P-i    =  percent  of  gross  merchantable  board-foot  volume  that  is  cull. 

A     =  tree  age. 

6  =  1  if  one  or  more  basal  injuries  at  least  6  years  old  are  present;  0  if  no 

basal  injury  is  present  or  if  one  or  more  basal  injuries  less  than  6  years 

old  are  present. 
C     =  1  if  one  or  more  Indian  paint  fungus  conks  are  present;  0  if  no  conks  are 

present. 
5  =  tree  diameter  outside  bark  at  breast  height. 
5  =  1  if  one  or  more  trunk  injuries  at  least  6  years  old  and  more  than  1  foot 

are  present;  0  if  no  trunk  injuries  are  present  or  if  one  or  more  trunk 

injuries  less  than  6  years  old  and  less  than  1  foot  are  present. 
F     =  1  if  one  or  more  frost  cracks  are  present;  0  if  no  frost  cracks  are  present. 
G     =  1  if  a  dead  or  broken  top  is  present;  0  if  no  dead  or  broken  top  is  present. 
i?2  =  the  coefficient  of  determination  (the  amount  of  variation  in  percent  decay 

or  cull  that  is  explained  by  the  variables  in  a  multiple  regression  equatioc! 
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The  mission  of  the  PACIFIC  NORTHWEST  FOREST 
AND  RANGE  EXPERIMENT  STATION  is  to  provide  the 
knowledge,  technology,  and  alternatives  for  present  and 
future  protection,  management,  and  use  of  forest,  range,  and 
related  environments. 

Within  this  overall  mission,  the  Station  conducts  and 
stimulates  research  to  facilitate  and  to  accelerate  progress 
toward  the  following  goals: 

1.  Providing  safe  and  efficient  technology  for  inventory, 
protection,  and  use  of  resources. 

2.  Development  and  evaluation  of  alternative  methods 
and  levels  of  resource  management. 

3.  Achievement  of  optimum  sustained  resource  produc- 
tivity consistent  with  maintaining  a  high  quality  forest 
environment. 

The  area  of  research  encompasses  Oregon,  Washington, 
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Mailing  address:     Pacific  Northwest  Forest  and  Range 
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The  FOREST  SERVICE  of  the  U.  S.  Department  of  Agriculture 
is  dedicated  to  the  principle  of  multiple  use  management  of  the 
Nation's  forest  resources  for  sustained  yields  of  wood,  water, 
forage,  wildlife,  and  recreation.  Through  forestry  research,  co- 
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agement of  the  National  Forests  and  National  Grasslands,  it 
strives  —  as  directed  by  Congress  —  to  provide  increasingly  greater 
service  to  a  growing  Nation. 
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ABSTRACT 

Ten  herbicides  or  combinations  of  herbicides  were  applied  at 
budbreak  on  red  alder,  salmonberry,  western  thimbleberry,  vine 
maple,  California  hazel,  and  salal.    Results  show  that  red  alder,  vine 
maple,  and  California  hazel  can  be  adequately  controlled  for  conifer 
release  by  budbreak  sprays  of  2,4,  5-T  applied  in  diesel  oil.    Sprays 
containing  2, 4, 5-T  are  promising  for  control  of  salal,  but  additional 
tests  are  necessary.    Budbreak  sprays  should  not  be  used  to  control 
salmonberry  or  western  thimbleberry  shrubs.    Aerial  spray  tests 
indicate  that  combinations  of  dicamba  with  2,4, 5-T  may  be  useful  for 
site  preparation.    Herbicidal  treatments  for  conifer  release  and  site 
preparation  are  recommended  for  each  species. 

KEYWORDS:      Herbicides,  brush  control,  Coniferae. 


Use  of  trade  names  is  for  information  only  and  does  not  imply  endorsement 
or  approval  by  the  U.  S.  Department  of  Agriculture. 


New  burns  and  cuttings  in  the  Oregon  and  Washington  Coast  Ranges  are 
rapidly  occupied  by  aggressive  shrubs  and  weed  trees  that  may  dominate  the 
site  and  reduce  survival  and  growth  of  more  desirable  conifers  (Ruth  1956,   1957). 
Field  trials  of  herbicidal  sprays  during  the  last  20  years  have  led  to  several 
useful  treatments  to  control  this  competing  vegetation  and  allow  conifer  estab- 
lishment.   As  a  result,  herbicides  have  become  a  valuable  silvicultural  tool  in 
management  of  Pacific  Northwest  forests. 

Herbicides  may  be  applied  at  budbreak,  during  the  growing  season  or  after 
growth  has  ceased,  to  control  shrubs  and  weed  trees  in  the  Coast  Ranges.     Bud- 
break  sprays  are  often  preferred  by  silviculturists  for  releasing  Douglas-firs 
because  many  brush  species  are  susceptible  while  conifers  are  resistant.    These 
sprays  are  applied  during  budbreak  of  undesirable  species  but  before  conifer 
growth  begins.       However,  pine  species  are  susceptible  to  herbicides  at  this 
time  and  cannot  be  safely  released  by  budbreak  sprays.     Because  most  coastal 
brush  species  are  leafless  during  this  period,  herbicides  must  be  applied  in 
diesel-  or  fuel-oil  carriers  to  penetrate  the  bark  of  stems  and  branches. 

Budbreak  sprays  of  2,4-D  and  2,4,  5-T  are  recommended  for  releasing 
Douglas-firs  from  red  alder;  2,4,  5-T  is  used  to  release  Douglas-firs  from 
vine  maple  (Lauterbach  1961).     Unfortunately,  many  other  coastal  brush  species 
are  resistant  to  budbreak  applications  of  2,4-D  or  2,4,  5-T.     Effects  of  other 
herbicides  or  combinations  of  herbicides  on  these  species  are  unknown. 

To  properly  prescribe  treatments,  silviculturists  must  know  response  of 
associated  brush  species  to  various  herbicidal  sprays.     The  screening  tests 
reported  here  will  provide  this  information  for  budbreak  applications  of  several 
herbicides  and  combinations  of  herbicides.    Results  of  this  study  and  of  an 
earlier  test  of  foliage  sprays  on  the  same  species  (Stewart  1974)  provide  a  sound 
basis  for  development  of  treatments  for  site  preparation  and  conifer  release. 

METHODS 

Screening  tests  were  conducted  during  late  winter  and  early  spring  of 
1971  to  determine  the  effect  of  various  herbicides  and  combinations  of  herbi- 
cides applied  as  stem  or  foliage  sprays  on  six  brush  species  found  in  the  Coast 
Ranges  of  Oregon  and  Washington.     Vigorous  plants  located  in  recent  clearcuts 
near  Coos  Bay,  Oregon,  or  in  nonstocked  brushfields  near  Vancouver,   Wash- 
ington, were  selected  for  treatment.     The  species  selected  were: 

Red  alder  Alnus  rubra 

Salmonberry  Rubus  speotabilis 

Western  thimbleberry  Rubus  parviflorus 

Vine  maple  Acer  oircinatum 

California  hazel  Corylus  cornuta  calif ornica 

Salal  Gaultheria  shallon 

Each  treatment  was  applied  by  knapsack  sprayer  to  thoroughly  wet  the 
stems  of  10  individual  plants  of  each  species  except  salal.     Sala]  foliage  was 


sprayed  on  an  area  basis  by  applying  treatments  in  a  carrier  volume  equivalent 
to  200  gallons  per  acre  on  ten  1/1,000-acre  plots. 

Ten  herbicides  or  combination  of  herbicides  were  selected  for  study. 
Similar  treatments  were  applied  to  commonly  associated  species  such  as 
salmonberry  and  western  thimbleberry  or  vine  maple  and  California  hazel. 
All  sprays  were  applied  in  a  black  diesel  oil  carrier  at  budbreak  for  each 
species.    Herbicides  and  combinations  tested  were: 


Common  name  [chemical  name] 

(1)  2,4-D  [(2,4-dichlorophenoxy) 

acetic  acid] 

(2)  Dichlorprop  [2-(2,4-dichloro- 

phenoxy)  propionic  acid] 

(3)  2,4,  5-T  [(2,4,5-trichloro- 

phenoxy)  acetic  acid] 

(4)  Silvex  [2-(2,4,5-trichloro- 

phenoxy)  propionic  acid] 

(5)  Dicamba  [3,  6-dichloro-o- 

anisic  acid] 

(6)  Dicamba  +  2,4-D 

(7)  Dicamba  +  dichlorprop 

(8)  Dicamba  +  2,4,  5-T 

(9)  Dicamba  +  silvex 
(10)  2,4-D  +  dichlorprop 


Test  samples  provided  by: 

1/    The  Dow  Chemical  Company 

2/   Amchem  Products,  Inc. 

Ji/    Velsicol  Chemical  Company 


PGBE  ester!/ 


Formulation 

Propylene  glycol  butyl  ether 
ester  (PGBE)I/ 

Butoxyethanol  ester  (BEE)  2/ 

•1/ 

PGBE  ester!/ 

Solubilized  acidic/ 

(5)  +  (1) 
(5)  +(2) 
(5)  +(3) 
(5)  +  (4) 
BEE  esters^/ 


All  herbicides  were  applied  in  diesel  oil  carriers  at  2  lbs  ae  (acid  equiva- 
lent) per  acre  on  salal  and  at  1  lb  aehg  (acid  equivalent  per  100  gallons)  on 
the  other  five  species.     Herbicides  such  as  2,4-D,  dichlorprop,  2,4,  5-T, 
and  silvex  are  known  to  be  selective  at  certain  dosages  and  stages  of  plant 
development.    These  were  tested  for  use  as  conifer  release  sprays.      Less 
selective  sprays  containing  dicamba  were  tested  for  use  in  site  preparation. 

Plants  were  examined  during  September  of  1971,   18  months  after 
sprays  were  applied.     Topkill,  number  and  size  of  basal  sprouts,  and  number 
of  dead  plants  (complete  topkill  with  no  resprouting)  were  recorded. 


EFFECTS  OF  HERBICIDES  ON  SPECIFIC  SPECIES 

In  this  section,  topkill,  plant  kill,  and  number  and  size  of  basal  and 
root  sprouts  are  tabulated  for  each  species.    Results  of  selected  treatments 
are  briefly  discussed. 


Red  Alder 

Red  alder  plants,  9-  to  12-foot-high,  were  treated  on  March  15,  when 
buds  were  swelling  but  not  open. 

Herbicidal  effects  developed  slowly  during  the  first  growing  season,  and 
many  trees  produced  leaves  after  treatment.     By  the  end  of  the  second  growing 
season,   sprays  containing  2,4,  5- T,  dicamba,   and  combinations  of  dicamba 
with  2,4-D,  dichlorprop,  or  silvex  killed  all  of  the  treated  red  alder  trees 
(table  1).    Other  herbicides  and  combinations  were  less  effective. 

Budbreak  sprays  of  1  lb  ae  per  acre  each  of  2,4-D  and  2,4,5-T  are 
presently  recommended  for  aerial  application  to  release  conifers  from  red 
alder  (Lauterbach  1961).     Results  of  this  study  show  that  2,4-D  alone  is  less 
effective  than  2,4,5-T.     However,  2,4-D  is  less  expensive  than  2,4,5-T; 
when  used  in  combination  with  2,4,5-T,  2,4-D  may  substitute  for  higher 
rates  of  the  more  expensive  herbicide.     Further,  field  experience  has  proven 
the  effectiveness  of  combinations  of  2,4-D  and  2,4,5-T  as  budbreak  sprays 
for  control  of  red  alder. 

At  the  rates  tested,  dicamba  and  combinations  of  dicamba  with  phenoxy 
herbicides  were  about  as  effective  as  2,4-D  or  2,4,5-T  applied  alone.    However, 
dicamba  sprays  are  more  expensive  and  less  selective  than  phenoxy  herbicide 
sprays.     Combinations  of  dicamba  and  2,4-D  or  2,4,  5-T  may  prove  useful 
for  site  preparation  in  mixed  brush  communities  containing  species  resistant 
to  budbreak  sprays  of  phenoxy  herbicides. 

At  present,  budbreak  sprays  containing  1  lb  ae  per  acre  each  of  2,4-D 
and  2,4,  5-T  or  2  lb  ae  per  acre  of  2,4,  5-T  applied  in  a  diesel  oil  carrier 
should  be  used  for  site  preparation  and  conifer  release  in  pure  red  alder  types. 
For  maximum  control,  sprays  should  be  applied  before  red  alder  trees  attain 
a  height  of  15  feet.     Field  experience  indicates  that  repeated  sprays  will  be 
required  to  produce  the  same  degree  of  control  in  larger  red  alder  stands. 


Table  1 .--Effects  of  herbicides  applied  in 

diesel  oil  at  budbreak  on  red  alder 


Herbicide 

Rate 

Topkill 

Plant 
kill 

lb  aehg 

Percent 

2,4-D 

92 

90 

Dichlorprop 

70 

70 

2,4,5-T 

100 

100 

Si  1  vex 

50 

50 

Dicamba 

100 

100 

Dicamba  +  2,4-D 

1  +  1 

100 

100 

Dicamba  +  dichlorprop 

1  +  1 

100 

100 

Dicamba  +  2,4,5-T 

1  +  1 

90 

90 

Dicamba  +  si  1  vex 

1  +  1 

100 

100 

2,4-D  +  dichlorprop 

1  +  1 

80 

80 

Salmonberry 

Salmonberry  clumps,  4-  to  6-foot  high,  were  treated  on  March  8,  when 
flower  petals  and  new  leaves  were  beginning  to  emerge  from  the  bud  scales. 

Dichlorprop,  2,4,  5-T,  silvex,  and  combinations  of  these  herbicides  with 
dicamba  as  well  as  dicamba  alone  produced  nearly  complete  topkill  of  salmon- 
berry shrubs  by  the  end  of  the  first  growing  season.    Herbicidal  effects  changed 
very  little  during  the  second  growing  season.     Few  shrubs  were  killed  by 
phenoxy  herbicides  applied  alone,  but  dichlorprop  was  more  effective  than 
either  2,4,  5-T  or  silvex  (table  2).     Addition  of  dicamba  to  phenoxy  herbicides 
increased  plant-kill  and  slightly  reduced  vigor  of  basal  and  root  sprouts. 

Results  from  this  study  and  from  aerial  sprays  reported  by  Lauterbach 
(1961)  show  that  budbreak  applications  are  less  effective  than  foliage  applica- 
tions for  salmonberry  control  (Gratkowski  1971,   Stewart  1974).     Observations 
from  stem  and  aerial  sprays  are  in  contrast  to  those  reported  for  basal  sprays. 
For  example,   Madison  and  Freed  (1962)  found  mixtures  of  2,4-D  and  2,4,  5-T 
to  be  very  effective  when  applied  as  budbreak  basal  sprays.    However,  basal 
applications  concentrate  herbicides  near  the  root  collar  of  shrubs  and  produce 
better  rootkill  than  stem  or  aerial  sprays. 

Dichlorprop  is  more  damaging  to  conifers  than  2,4,  5-T  and  should  not 
be  used  for  release  sprays  until  additional  tests  are  completed.     Budbreak 
sprays  of  2,4,  5-T  may  produce  sufficient  topkill  of  salmonberry  shrubs  to 
release  well-established  conifers,  but  foliage  sprays  are  preferred  for  most 
situations.     For  site  preparation,  budbreak  sprays  of  dicamba  with  dichlorprop 
or  2,4,  5-T  will  produce  good  salmonberry  control.    Because  herbicidal  effects 
are  fully  developed  by  the  end  of  the  first  growing  season,  these  treatments 
are  especially  promising  for  preburn  desiccation. 


Table  2. --Effects  of  herbicides  applied  in  diesel  oil 
at  budbreak  on  salmonberry 


Herbicide 


Average  number 
and  height  of 
basal  sprouts 


lb 

aehg 

Percent-- 

Number 

Inches 

Dichlorprop 

1 

100 

40 

5 

28 

2,4,5-T 

1 

99 

10 

5 

34 

Si  1  vex 

1 

100 

20 

4 

28 

Dicamba 

1 

92 

10 

4 

33 

Dicamba  +  2 

,4-D 

1 

+ 

1 

83 

20 

5 

38 

Dicamba  +  dichlorprop 

1 

+ 

1 

99 

60 

2 

22 

Dicamba  +  2 

,4,5-T 

1 

+ 

1 

96 

60 

4 

24 

Dicamba  +  si 

Ivex 

1 

+ 

1 

90 

20 

6 

26 

2,4-D  +  dichlorprop 

1 

+ 

1 

100 

30 

3 

25 

Western  Thimbleberry 

Western  thimbleberry  clumps  were  treated  on  February  23,  when  vegetative 
buds  were  swelling  and  bud  scales  were  closed. 

All  treatments  produced  complete  topkill  of  original  stems,  but  no  herbi- 
cidal  spray  controlled  root  sprouting  (table  3).    All  resprouting  shrubs  returned 
to  pretreatment  size  and  vigor  by  the  end  of  the  second  growing  season. 

Budbreak  sprays  of  phenoxy  herbicides  or  dicamba  will  not  adequately 
control  western  thimbleberry.     Fortunately,  western  thimbleberry  shrubs  are 
more  susceptible  to  foliage  sprays  of  2,4,  5-T  (Gratkowski  1971,  Stewart  1974). 
Such  sprays  will  also  control  salmonberry,  a  common  associate  of  western 
thimbleberry. 


Table   3. --Effects  of  herbicides  applied  in  diesel  oil 
at  budbreak  on  western  thimbleberry 


Herbicide 


Average  number 
and  height  of 
basal  sprouts 


lb 

aehg 

Percent— 

Number 

Inches 

Dichlorprop 

1 

100 

0 

8 

46 

2,4,5-T 

1 

100 

10 

5 

39 

Si  1  vex 

1 

100 

10 

5 

38 

Dicamba 

1 

100 

0 

4 

36 

Dicamba  +  2 

4-D 

1 

+  1 

100 

0 

10 

45 

Dicamba  +  di 

chlorprop 

1 

+  1 

100 

10 

8 

43 

Dicamba  +  2. 

4,5-T 

1 

+  1 

100 

10 

4 

27 

Dicamba  +  si 

Ivex 

1 

+  1 

100 

20 

5 

40 

2,4-D  +  dichlorprop 

1 

+  1 

100 

0 

7 

37 

Vine  Maple 

Vine  maple  clumps,  5-  to  8-foot  high,  were  treated  on  March  17,  when 
vegetative  buds  were  swelling  and  bud  scales  were  closed. 

Vine  maple  shrubs  were  very  susceptible  to  budbreak  sprays  of  2,4,5-T 
and  silvex  (table  4  and  fig.   1).    Although  silvex  was  slightly  more  effective,  it 
is  more  expensive,  less  selective,  and  more  erratic  on  species  often  associated 
with  vine  maple  than  is  2,4,5-T.     Lauterbach  (1961)  recommends  aerial  sprays 
of  2  lb  ae  of  2,4,  5-T  per  acre  applied  in  a  diesel-oil  carrier  at  budbreak  to 
release  conifers  from  vine  maple.     Foliage  sprays  (Stewart  1974)  or  budbreak 
sprays  containing  dichlorprop,  dicamba,  or  combinations  of  phenoxy  herbicides 
with  dicamba  are  less  effective  than  the  recommended  treatment.    Therefore, 
budbreak  sprays  of  2,4,  5-T  should  continue  to  be  used  for  control  of  vine 
maple  shrubs. 


f$yy| 


Figure  1. — A  budbreak  spray  of 
2,4,5-T  in  diesel   oil   killed 
this   vine  maple  shrub. 
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Table  4 .--Effects  of  herbicides  applied  in  diesel  oil 
at  budbreak  on  vine  maple 


Herbicide 


Average  number 
and  height  of 
basal  sprouts 


lb 

aehg 

Percent-- 

Number 

Inches 

Dichlorprop 

1 

46 

30 

2 

14 

2,4,5-T 

1 

100 

80 

8 

12 

Si lvex 

1 

100 

90 

1 

11 

Dicamba 

1 

68 

40 

10 

17 

Dicamba  +  2,4-D 

1 

+ 

1 

38 

10 

10 

19 

Dicamba  +  dichlorprop 

1 

+ 

1 

90 

40 

7 

18 

Dicamba  +  2,4,5-T 

1 

+ 

1 

90 

80 

16 

14 

Dicamba  +  si lvex 

1 

+ 

1 

100 

60 

8 

16 

2,4-D  +  dichlorprop 

1 

+ 

1 

30 

10 

4 

19 

11 


California  Hazel 

California  hazel  clumps,  6-  to  9-foot  high,  were  treated  on  March  17, 
when  vegetative  buds  were  swelling  but  closed.  Catkins  were  fully  expanded 
and  unopened. 

Most  herbicidal  sprays  produced  good  topkill  but  limited  control  of 
resprouting  of  California  hazel  shrubs  (table  5).    However,  basal  sprouts  were 
less  than  one-third  of  the  original  plant  height  after  two  growing  seasons.    Only 
2,4,5-T  killed  any  of  the  test  plants  when  applied  alone.    Addition  of  dicamba 
to  the  phenoxy  herbicides  increased  plant  kill.    This  effect  was  most  pronounced 
for  sprays  containing  silvex  (fig.  2). 

Previous  research  shows  that  California  hazel  shrubs  are  slightly  more 
susceptible  to  late  spring  foliage  sprays  of  2,4,5-T  than  to  budbreak  sprays 
(Stewart  1974).    However,  control  with  budbreak  sprays  of  1  lb  ae  each  of 
2,4-D  and  2,4,  5-T  or  2  lb  of  2,4,  5-T  are  adequate  for  release  of  established 
conifers,  and  herbicidal  damage  to  conifers  will  be  less  than  with  foliage  sprays. 
Combinations  of  dicamba  with  2,4,  5-T  or  silvex  may  be  useful  for  site  prepara- 
tion and  preburn  desiccation  sprays.    However,  these  combinations  must  be 
evaluated  in  small-scale  trials  before  they  can  be  recommended. 


Fi gure  2 . — Budbreak  sprays 
of  dicamba  with  silvex 
produced  good  topkill  of 
California  hazel  shrubs. 
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Table  5. — Effects  of  herbicides  applied  in  diesel  oil 
at  budbreak  on  California  hazel 


Herbicide 

Rate 

Topkill 

Plant 
kill 

Average 
and  hei 
basal  s 

number 
ght  of 
p routs 

lb 

aehg 

Percent 

Number 

Inches 

Dichlorprop 

1 

98 

0 

9 

32 

2,4,5-T 

1 

100 

40 

5 

22 

Si  1  vex 

1 

93 

0 

6 

27 

Di camba 

1 

94 

0 

7 

30 

Dicamba  +  2,4-D 

1 

+  1 

100 

30 

6 

23 

Di camba  +  dichlorprop 

1 

+  1 

94 

10 

8 

32 

Dicamba  +  2,4,5-T 

1 

+  1 

100 

50 

5 

28 

Dicamba  +  si  1  vex 

1 

+  1 

100 

70 

8 

18 

2,4-D  +  dichlorprop 

1 

+  1 

100 

20 

6 

31 
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Salal 

Salal  plots  were  sprayed  on  April  1,  when  flower  buds  were  swelling  and 
vegetative  buds  were  dormant. 

Salal,  an  evergreen  species,  was  susceptible  to  foliage  sprays  applied 
in  diesel-oil  carriers  at  budbreak  (table  6  and  fig.  3).    Silvex,  dichlorprop, 
2,4,  5-T,  and  dicamba  produced  at  least  80-percent  topkill  and  50-percent 
reduction  in  salal  cover.     Silvex  was  best,   and  addition  of  dicamba  did  not 
increase  degree  of  control  enough  to  justify  the  added  cost. 

Salal  is  resistant  to  many  of  these  same  herbicides  applied  in  water  or 
oil-in-water  emulsion  carriers  later  in  the  growing  season  (Gratkowski  1970, 
Stewart  1974).    The  greater  control  obtained  with  budbreak  sprays  in  the  present 
study  may  be  due  to  differences  in  timing  of  application  or  type  of  carrier. 
Salal  may  be  more  susceptible  to  herbicidal  sprays  earlier  in  the  growing  season, 
or  herbicides  applied  in  diesel  oil  may  penetrate  the  thick,  waxy  salal  leaves 
more  readily  than  sprays  in  water  or  oil-in-water  emulsion  carriers. 

Few  plants  were  killed  by  budbreak  sprays,  and  salal  cover  will  be 
quickly  reestablished  from  root  and  basal  sprouting.    However,  silvex  sprays 
may  produce  sufficient  control  of  salal  for  conifer  release.    Silvex  should  be 
evaluated  in  small-scale  aerial  spray  tests  before  specific  treatments  can  be 
recommended.     For  site  preparation,  sprayed  plants  should  be  removed  by 
scarification  or  burning  to  avoid  planting  in  the  dense  mat  of  salal  stems  and 
roots.    Because  of  the  dense,  compact  growth  habit  of  salal,  low  volume  aerial 
sprays  will  not  produce  results  equivalent  to  those  obtained  with  high  volume 
ground  sprays.    Therefore,  carrier  volumes  between  15  and  30  gallons  per  acre 
should  be  evaluated  in  aerial  spray  tests. 


H 
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Figure   3 .--Budbreak  sprays 
of  dicamba  plus   2, 4, 5-T 
produced  good  control   of 
salal   on   small   plots. 
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Table   6 .--Effects  of  herbicides  applied  in  diesel  oil 

at  budbreak  on  salal 


Herbicide 

Rate 

Live 

salal 

cover 

Topkill 

Ave 
of 

sq 

rage  number 
sprouts  per 
uare  foot 

lb  ae/acre 

Percent- 

Number 

Untreated 

-- 

8  b 

0 

-- 

2,4-D 

2 

66 

37 

2 

Dichlorprop 

2 

30 

84 

2 

2,4,5-T 

2 

38 

90 

3 

Si  1  vex 

2 

12 

100 

1 

Dicamba 

2 

24 

98 

3 

Dicamba  +  2,4-D 

2 

+ 

2 

42 

94 

2 

Dicamba  +  dichlorprop 

2 

+ 

2 

16 

98 

1 

Dicamba  +  2,4,5-T 

2 

+ 

2 

20 

98 

2 

Dicamba  +  si  1  vex 

2 

+ 

2 

10 

100 

1 

2,4-D  +  dichlorprop 

2 

+ 

2 

24 

96 

2 

1.-) 


EFFECTS  OF  AERIAL  SPRAYS  OF  DICAMBA  PLUS  2,4,5-T 

Aerial  sprays  of  dicamba  plus  2,4,5-T  were  evaluated  for  site  preparation 
in  brush  communities  on  the  Siuslaw  National  Forest  and  the  Tillamook  State 
Forest.     Two  5- acre  portions  of  a  recent  clearcut  on  the  Siuslaw  National  Forest 
were  sprayed  at  budbreak  during  March  of  1972  with  either  one-half  lb  ae  dicamba 
(oil-soluble  acid)  plus  2  lb  ae  2,4,  5-T  (isooctyl  ester)  or  1  lb  ae  dicamba  plus 
2  lb  ae  2,4,5-T  in  10  gallons  of  diesel  oil  per  acre.    Treated  areas  were  then 
examined  in  August  of  1973,   17  months  after  the  sprays  were  applied. 

Except  for  vine  maple,  results  of  budbreak  aerial  sprays  were  similar  to 
those  obtained  with  the  high  volume  stem  sprays  described  earlier  in  this  publi- 
cation (table  7).     Although  vine  maple  shrubs  were  more  susceptible  to  stem 
sprays  than  aerial  sprays,  defoliation  of  live  stems  was  excellent  two  growing 
seasons  after  aerial  spraying.    Small,  exposed  Douglas-firs  received  only  minor 
herbicidal  damage  even  at  the  highest  application  rate.    However,  studies  by 
Ryker  (1970)  show  that  conifers  are  susceptible  to  dicamba.    Therefore,  sprays 
containing  dicamba  should  not  be  used  to  release  conifers. 

A  mature  red  alder  stand  on  the  Tillamook  State  Forest  was  treated  in 
late  November  of  1972  with  1-1/2  gallons  of  Banvel  510—    in  20  gallons  of  diesel 
oil  per  acre.    Results  were  observed  in  August  of  1973,  9  months  after  the  sprays 
were  applied  (table  8).    Crowns  of  large  red  alder  trees  killed  by  the  spray  were 
already  breaking  apart.     Control  of  western  thimbleberry  was  inadequate;   shrubs 
were  resprouting  vigorously.    However,  effects  on  other  understory  shrubs  were 
sufficient  to  allow  planting  of  conifers.    Existing  Douglas-fir  saplings  were 
moderately  to  severely  damaged  by  the  spray,  and  previous  tests  with  summer 
applications  suggest  that  damaged  trees  will  not  readily  recover  (Ryker  1970). 

Results  from  both  aerial  spray  tests  suggest  that  dormant  or  budbreak 
applications  of  dicamba  plus  2,4,5-T  will  be  useful  for  preparing  planting  sites 
in  coastal  brush  communities.    However,  these  sprays  should  not  be  used  if 
western  thimbleberry  forms  a  significant  portion  of  the  brush  cover.    Additional 
aerial  spray  tests  will  be  necessary  to  evaluate  the  potential  of  oil-soluble 
formulations  of  dicamba  with  2,4,  5-T.     Such  tests  should  use  1  to  1-1/2  lb  ae 
of  dicamba  with  2  lb  ae  of  2,4,  5-T  in  10  or  15  gallons  of  diesel  oil  per  acre. 
The  higher  carrier  volume  should  be  used  in  dense,  well-established  brushfields. 

Results  of  tests  on  individual  species  reported  earlier  in  this  publication 
were  very  similar  to  those  found  with  broadcast  aerial  sprays.     Therefore, 
response  of  individual  plants  should  provide  a  reliable  indicator  of  aerial  spray 
results. 


— '  Banvel  510  is  a  commercial  formulation  manufactured  by  the  Velsicol  Chemical 
Corporation.    It  contains  1  lb  ae  oil-soluble  acid  of  dicamba  plus  2  lb  ae  isooctyl  esters  of 
2,4,  5-T  per  gallon. 
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Table  7. — Effect  of  budbreak  aerial  sprays  of  dicarriba  and  2,4,5-T  on  the 
Siuslaw  National  Forest  17  months  after  treatment 


Species 


l2  lb  dicamba  +  2  lb  2,4,5-T  per  acre 


Number 

of 
plants 


Topkill 


Plant 
kill 


Average  number 
and  height  of 
| basal  sprouts 


1   lb  dicamba  +  2  lb  2,4,5-T  per  acre 


Number 

of 
plants 


Topkill 


Plant 
kill 


Average  number 
and  height  of 
basal   sprouts 


Percent 

Number 

Feet 

Percent 

-     Number 

Feet 

uglas-fir 

21 

1 

0 

-- 

-- 

15 

2 

0 

-- 

-- 

d  alder 

21 

87 

86 

0 

0 

27 

92 

92 

0 

0 

Imonberry 

30 

70 

27 

4 

2.4 

30 

68 

47 

5 

1.8 

ne  maple— 

30 

77 

3 

6 

2.4 

30 

60 

10 

4 

1.0 

d  elder 

3 

100 

66 

2 

2.0 

8 

75 

62 

1 

3.0 

—    Average  defoliation  of  vine  maple  shrubs   for  the  2  treatments  was  96  and  91   percent, 
spectively. 


Table  8. --Effect  of  a  November  aerial  spray  of  i%  gallons 
of  Banvel  510  per  acre  on  the  Tillamook  State 
Forest  9  months  after  treatment 


Species 


Douglas-fir 

Red  alder-/ 

Salmonberry 

Western 

thimbleberry 

Vine  maple 


Number 

of 
plants 


Defol iation 


Topkill 


Average  number 
and  height  of 
basal  sprouts 


18 

r 

29 

40 

86 

40 

75 

40 

82 

40 

87 

Percent 


13 

i\i  urnD 

66 

? 

60 

3 

78 

6 

15 

4 

Feet 

1.5 
2.8 

3.0 
1.6 


1/ 


60  percent  of  the  red  alder  trees  were  dead, 
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SUMMARY  AND  RECOMMENDATIONS 

Ten  herbicides  or  combinations  of  herbicides  were  tested  on  red  alder, 
salmonberry,  western  thimbleberry,  vine  maple,   California  hazel,  and  salal 
as  high  volume  stem  sprays.    Results  show  that  red  alder,  vine  maple,  and 
California  hazel  can  be  adequately  controlled  for  release  of  Douglas-firs  by 
budbreak  sprays  of  2,4,5-T  applied  in  diesel  oil.     Silvex  was  slightly  more 
effective  than  2,4,5-T  on  vine  maple  and  salal  but  less  effective  on  red  alder 
and  California  hazel.     Salmonberry  and  western  thimbleberry  cannot  be  ade- 
quately controlled  with  budbreak  sprays;  foliage  sprays  are  best  on  these  two 
species  (Gratkowski  1971,  Stewart  1974).     Budbreak  sprays  for  control  of 
salal  must  be  further  evaluated  before  they  can  be  recommended. 

Addition  of  dicamba  to  phenoxy  herbicides  generally  increased  degree  of 
control,  especially  on  salmonberry  and  California  hazel.  However,  increased 
control  was  not  sufficient  for  most  species  to  justify  the  added  cost. 

Aerial  spray  tests  suggest  that  dormant  and  budbreak  applications  of 
1  to  1-1/2  lb  ae  dicamba  plus  2  to  2-1/2  lb  ae  2,4,5-T  per  acre  can  be  useful 
for  site  preparation  and  preburn  desiccation  on  areas  dominated  by  red  alder, 
salmonberry,   and  vine  maple;  this  treatment  should  not  be  used  on  areas 
dominated  by  western  thimbleberry.     Combinations  of  dicamba  and  phenoxy 
herbicides  should  not  be  used  in  operational  spraying  until  they  have  been 
further  evaluated  in  aerial  spray  tests. 

Effects  of  the  10  herbicides  and  combinations  of  herbicides  are  compared 
in  table  9.     This  table  can  be  used  to  estimate  degree  of  control  produced  by 
selected  treatments  in  pure-  or  mixed-species  brush  communities.     Budbreak 
sprays  must  be  applied  after  brush  species  show  signs  of  growth  (bud  swelling 
or  flowering)  but  before  conifer  growth  begins  in  late  winter  or  early  spring. 
New  leaves  are  readily  killed  by  herbicidal  sprays  applied  in  diesel-oil  carriers. 
Leaves  also  shield  the  stem  and  branches  from  direct  application.    Therefore, 
budbreak  spraying  should  stop  before  one-fifth  of  the  leaves  of  brush  species 
are  fully  developed. 


18 


Table  9 .--Degree  of  control  of  budbreak  sprays  on  six  coastal  brush  species 


Herbicide- 


Estimated  degree  of  control   of: 


Red  alder 


2/ 


Salmonberry 


2/ 


Western   ?/ 
thimbleberry— 


Vine  maple 


2/ 


Cal  i  form' a 
hazel  1/ 


Salal 


3/ 


2,4-D 

92/90 

-- 

-- 

-- 

-- 

19 

Dichlorprop 

70/70 

100/40 

100/0 

46/30 

98/0 

Vj 

2,4,5-T 

100/100 

99/10 

100/10 

100/80 

100/40 

47 

Si  1  vex 

50/50 

100/20 

100/10 

100/90 

98/0 

73 

Dicamba 

100/100 

92/10 

100/0 

68/40 

94/0 

61 

Dicamba  +  2,4-D 

100/100 

83/20 

100/0 

38/10 

100/30 

43 

Dicamba  +  dichlorprop 

100/100 

99/60 

100/10 

90/40 

94/10 

69 

Dicamba  +  2,4,5-T 

90/90 

96/60 

100/10 

100/90 

100/50 

65 

Dicamba  +  si  1  vex 

100/100 

90/20 

100/20 

100/60 

100/70 

75 

2,4-D  +  dichlorprop 

80/80 

100/30 

100/0 

30/10 

100/20 

61 

—  All  herbicides  applied  at  1  lb  aehg  of  diesel  oil  except  on  salal 
at  2  lb  ae  in  200  gallons  of  diesel  oil  per  acre. 

2/ 

—  Percentage  topkill  per  percentage  of  plants  dead. 

3/ 

—  Percent  reduction  in  salal  cover. 


Salal  --was  treated 
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PESTICIDE  PRECAUTIONARY  STATEMENT 

Pesticides  used  improperly  can  be  injurious  to  man,  animals,  and  plants. 
Follow  the  directions  and  heed  all  precautions  on  the  labels. 

Store  pesticides  in  original  containers  under  lock  and  key — out  of  the  reach 
of  children  and  animals — and  away  from  food  and  feed. 

Apply  pesticides  so  that  they  do  not  endanger  humans,  livestock,  crops, 
beneficial  insects,  fish,  and  wildlife.    Do  not  apply  pesticides  when  there  is 
danger  of  drift,  when  honey  bees  or  other  pollinating  insects  are  visiting  plants, 
or  in  ways  that  may  contaminate  water  or  leave  illegal  residues. 

Avoid  prolonged  inhalation  of  pesticide  sprays  or  dusts;  wear  protective 
clothing  and  equipment  if  specified  on  the  container. 

If  your  hands  become  contaminated  with  a  pesticide,  do  not  eat  or  drink 
until  you  have  washed.    In  case  a  pesticide  is  swallowed  or  gets  in  the  eyes, 
follow  the  first-aid  treatment  given  on  the  label,  and  get  prompt  medical  attention. 
If  a  pesticide  is  spilled  on  your  skin  or  clothing,  remove  clothing  immediately 
and  wash  skin  thoroughly. 

Do  not  clean  spray  equipment  or  dump  excess  spray  material  near  ponds, 
streams,  or  wells.    Because  it  is  difficult  to  remove  all  traces  of  herbicides 
from  equipment,  do  not  use  the  same  equipment  for  insecticides  or  fungicides 
that  you  use  for  herbicides. 

Dispose  of  empty  pesticide  containers  promptly.    Have  them  buried  at  a 
sanitary  land-fill  dump,  or  crush  and  bury  them  in  a  level,  isolated  place. 

NOTE:    Some  States  have  restrictions  on  the  use  of  certain  pesticides.    Check 
your  State  and  local  regulations.    Also,  because  registrations  of  pesticides  are 
under  constant  review  by  the  Federal  Environmental  Protection  Agency,  consult 
your  county  agricultural  agent  or  State  extension  specialist  to  be  sure  the  intended 
use  is  still  registered. 
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ABSTRACT 

Douglas-fir  from  seven  stands  of  second  growth  were  sawn  in 
a  mill  which  normally  processes  this  type  of  timber.     The  logs  were 
scaled  by  Scaling  Bureau  and  Bureau  of  Land  Management  for  both 
Scribner  and  gross  cubic  volumes.     The  recovery  ratios  were   145 
percent  for  Scaling  Bureau  Scribner  and  123  percent  for  Bureau  of 
Land  Management  Scribner.     Sixty  percent  of  log  cubic  volume  was 
recovered  as   rough  green  lumber.     Approximately  91  percent  of 
lumber  recovery  was  Standard  and  Better  lumber  grades. 

KEYWORDS:    Lumber  recovery  studies,   Douglas-fir, 
second-growth  stands. 
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INTRODUCTION 


STUDY  PROCEDURES 


Second-growth  stands  of  Douglas-fir 
are  producing  a  rapidly  increasing  propor- 
tion of  the  commercial  timber  available 
in  the  Pacific  Northwest.     In  the  Coast 
Ranges  of  Oregon  (fig.   1),  there  are  large 
areas  of  40-  to  100-year-old  stands  result- 
ing from  a  series  of  large  fires  and  exten- 
sive early  logging.     Little  current  informa- 
tion is  available  on  the  recovery  of  forest 
products  to  be  expected  from  this  resource. 

In  1971,  the  Pacific  Northwest  Forest 
and  Range  Experiment  Station,   Region  6 
of  the  National  Forest  System,   and  the 
Oregon  office  of  Bureau  of  Land  Manage- 
ment (BLM)  in  cooperation  with  Riverside 
Lumber  Company,   Champion  International, 
and  the  Miami  Corporation  began  a  study 
to  determine  the  grades  and  volumes  of 
veneer  and  lumber  recoveries  to  be  ex- 
pected from  second-growth  Douglas-fir. 
This  report  contains  the  lumber  recovery 
information  from  the  study  scaled  under 
Scaling  Bureau  and  BLM  interpretations. 
The  information  will  be  useful  to  mill 
operators  and  resource  managers  in  allo- 
cating cut  logs  and  in  making  bucking 
decisions  when  more  than  one  end  product 
is  possible. 


SAMPLE  SELECTION 

Stands  were  chosen  for  variation  in 
stand  age,   stocking,   and  prior  manage- 
ment history.     Seven  individual  stands 
and  292  trees  were  selected  (table  1)  for 
the  lumber  sample. 

Tree  selection  varied  with  stand  age. 
In  the  40-,   50-,   and  60-year-old  stands, 
we  selected  trees  that  would  normally  be 
removed  in  a  commercial  thinning.     In 
the  older  stands,  we  picked  trees  from 
the  entire  range  as  in  a  final  harvest  cut. 
In  all  stands,  we  selected  individual  trees 
to  sample  the  variations  in  size  and  tree 
condition.     Thed.b.h.   (diameter  4-1/2 
feet  above  ground  level)  range  of  sample 
trees  was  from  7  to  44  inches. 

THE  COOPERATING  MILL 

Approximately  90  percent  of  the 
Riverside  Lumber  Company  mill's  pro- 
duction is  from  second-growth  logs. 
Production  is  predominantly  2-inch  Dimen- 
sion lumber;  however,  during  the  study 
approximately  49  percent  of  the  lumber 
produced  was  4  inches  or  thicker. 


Table  1  .--Condition  of  sample  stands 


Stand 

age 

(years) 


Number  of 

trees  in 

lumber  sample 


Stand  level 
of  stocking— 


D.b.h. 

range 

[inches] 


Management 


60 

45 

Medium 

8-30 

None 

80 

44 

Dense 

9-28 

None 

80 

43 

Light 

9-43 

None 

50 

39 

Dense 

7-18 

None 

70 

45 

Light 

8-35 

None 

100 

35 

Light 

18-44 

Commercially 
thinned  1959 

40 

41 

Medium 

Precommercial  ly 

thinned  1959 

-  Age  at  which  stands  closed,  based  on  growth  rate  slowing  to  more 
than  6  rings  per  inch  at  stump  for  dominant  and  codominant  trees: 

Dense  =  less  than  10  years,  medium  =  10-20  years,  and  light  =  more  than 
20  years. 

2/ 

-  There  was  one  34-inch  tree,  about  80  years  old,  a  remnant  of  a 

different  stand. 
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APPROXIMATE    LOCATION    OF 
TREE    SELECTION    AREAS 
IN    NW     OREGON 

N0=    SAMPLE   TREES 
AT   THAT    LOCATION 

O 

> 

Figure   1 .--Approximate   location   of   tree   selection   areas   in   northwestern   Oregon. 
Number   equals   sample   trees   at   each   location. 


The  mill's  equipment  includes  a 
30-inch-capacity  ring  barker  and  a  rosser 
head  debarker  for  larger  logs,   a  double 
cut  bandsaw,   an  edger,  and  a  gang  trim- 
saw. 

LOG  SCALING  AND  GRADING 


rounded  to  the  nearest  whole  inch.     These 
logs  were  graded  by  personnel  of  the 
Pacific  Northwest  Forest  and  Range  Ex- 
periment Station,  Grade  and  Quality  of 
Western  Softwoods  Research  Project, 
using  the  same  grades  as  for  the  woods- 
length  logs. 


The  logs  were  scaled  and  graded  by 
two  methods.     The  woods-length  logs  were 
scaled  and  graded  in  the  sawmill  logyard. 
Scaling  was  done  by  the  Forest  Service 
Regional  Check  Scaler  using  the  Uniform 
Bureau  Rules  for  West  Side.—'     Under 
these  rules,  logs  up  to  40  feet  long  are 
scaled  with  no  allowance  for  taper,   and 
all  fractional  inches  of  scaling  diameter 
are  dropped.     Logs  were  graded  by  the 
rules  for  Douglas-fir  logs  in  the  standing 
tree.—'     Only  those  defects  visible  on  the 
log  surface  were  considered  in  grading. 

The  second  scaling  and  grading  was 
done  after  the  logs  had  been  debarked  and 
bucked  into  mill-length  logs.     This  scale, 
by  the  Bureau  of  Land  Management  Check 
Scaler,  was  in  compliance  with  the  BLM 
Manual  Supplement  5320  Scaling.  1/    Under 
these  rules,  logs  up  to  20  feet  long  are 
scaled  with  no  allowance  for  taper,  and 
fractional  inches  of  scaling  diameter  are 


—  Official  log  scaling  and  grading  rules 
(revised  as  needed)  used  by  Log  Scaling  and  Grad- 
ing Bureaus:    Columbia  River,   Eugene,  Oregon; 
Puget  Sound,  Tacoma,   Washington;  Gray's  Harbor, 
Hoquiam,  Washington;  Southern  Oregon,  Roseburg, 
Oregon;  and  Northern  California,  Areata,  Cali- 
fornia.   Copies  may  be  obtained  from  any  of  these 
Bureaus. 

2/ 

— '  Log  grade  descriptions  for  Douglas-fir. 

Form  R-6  2440- 19D,  March  1965.     Unpublished 

material  on  file  at  U.  S.   Forest  Service,  Region  6, 

Portland,  Oregon. 

3/ 

—  Unpublished  material  available  from 

Bureau  of  Land  Management,  Oregon  State  Office, 
Portland,  Oregon. 


The  details  of  log  identification, 
cubic  volume  computations,  sawmill 
processing,  lumber  grading,  lumber 
tally,  data  compilation  and  analysis, 
lumber  pricing,   and  chip  volume  deter- 
mination are  in  appendix  1. 

RESULTS 

The  results  of  the  study  are  pre- 
sented in  a  series  of  figures  and  tables. 
In  general,  the  data  are  presented  in  a 
form  that  allows  the  user  to  supply  alter- 
native production  and  pricing  assumptions. 
Recovery  ratios  and  factors  are  given  for 
both  scaling  systems.     Lumber  grade  and 
item  recovery  will  be  discussed  only  for 
the  mill-length  logs. 

RECOVERY  RATIOS  AND 
FACTORS 

Recovery  ratio. —  Recovery  ratio 
is  board-foot  lumber  tally  divided  by  net 
log  scale  and  expressed  as  a  percent  of 
log  scale.     It  is  equal  to  overrun  plus  100 
percent.     The  study  recovery  ratios  were 
146  percent  for  the  Scaling  Bureau  (woods- 
length  logs)  and  123  percent  for  the  Bureau 
of  Land  Management  (mill-length  logs). 
These  ratios  varied  by  diameter  (fig.  2), 
peaking  in  the  8-  and  9-inch  log  diameter 
range  for  either  scale.     Basic  data  for 
recovery  ratios  and  factors  are  in  appen- 
dixes 2A  and  2B. 

Recovery  factors. -- Recovery 
faptor  is  board-foot  lumber  tally  divided 
by  log  cubic  volume.     The  average  recovery 
factors  were  7.  12  board  feet  per  cubic  foot 
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Figure   2 .--Recovery   ratio:      Board- foot   lumber   tally 
per  board- foot   net   log  scale   by   log   diameter . 


for  woods-length  logs  and  7.  17  board  feet 
per  cubic  foot  for  mill-length  logs. 

Recovery  factors  vary  with  diameter 
for  both  woods-length  and  mill-length  logs. 
Compared  with  mill-length  logs,  the  recov- 
ery factor  for  woods-length  logs  was  higher 
for  logs  less  than  15  inches  and  lower  for 
logs  larger  than  15  inches  in  diameter  (fig.  3). 

The  lumber  tally  for  woods-length 
logs  is  equal  to  the  lumber  tally  from  mill- 
length  logs.    There  are  two  reasons  for  this 
variation:   first,  in  woods-length  logs  frac- 
tional inches  are  dropped,  while  in  mill- 
length  logs  fractional  inches  are  rounded; 
second,  the  curve  forms  that  describe  the 
shape  of  logs  tend  to  be  convex  for  top 
(small)  logs  and  concave  for  butt  logs.—' 


This  influences  the  volume  measured  when 
a  midpoint  diameter  is  taken,  as  with  mill- 
length  logs.     Appendixes  2A  and  2B  con- 
tain the  basic  recovery  factors  by  diameter. 

Cubic  volumes  of  products  re- 
covered. —  For  both  woods-length  and  mill- 
length  logs,   about  60  percent  of  total  log 
cubic  volume  was  converted  to  rough  green 
lumber,  9  percent  to  sawdust,  and  31  per- 
cent to  chippable  wood  (appendixes  2A  and 
2B).    These  volumes  varied  by  diameter 
class  (figs.  4  and  5).     For  woods-length 
and  mill-length  log  scales,  the  variation  by 
diameter  for  product  recovery  is  similar  to 
that  for  the  recovery  factor.    The  portion  of 
the  log  converted  to  sawdust — 9  percent — 
was  low.    Normally,   approximately  11  perce  i 


— '  David  Bruce.    Log  volume  accounting, 
weigh  scaling  and  cubic  measure.    Unpublished 
paper  presented  to  Society  of  American  Foresters, 
Coos  Chapter,  June  15,  1971. 


y  Paul  H.  Lane,  John  W.  Henley,  Richard 
O.  Wbodfin,  Jr. ,  and  Marlin  E.  Plank.     Lumber 
recovery  from  old-growth  Coast  Douglas-fir. 
USDA  Forest  Service  Research  Paper  PNW-154, 
44  p.     Pacific  Northwest  Forest  and  Range  Ex- 
periment Station,  Portland,  Oreg. ,  1973. 
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Figure    3. — Recovery   factor:      Board-foot   lumber   tally 
per  gross   cubic   foot   of  log  by   diameter . 


to  12  percent  (see  footnote  4)  of  log  volume 
becomes  sawdust.    The  lower  sawdust  vol- 
ume is  due  to  the  high  percent  of  4-inch 
Dimension  lumber  produced  in  this  study. 

LUMBER  GRADE  RECOVERY 

Lumber  grades  and  sizes .--The 
lumber  grade  and  item  percent  recoveries 
are  nearly  the  same  for  both  woods-length 
and  mill-length  logs.     Table  2  contains  the 
lumber  recovery  by  grade  and  item  for 
mill- length  logs.     Different  cull  logs  were 
excluded  from  each  scaling  system.     This 
changed  the  percentage  recovered  in  any 
lumber  grade  less  than  1  percent  (table  3). 

The  lumber  produced  was  predomi- 
nantly 2-inch  Dimension  (45  percent)  and 
4-inch  Dimension  (47  percent),  with  the 
remaining  lumber  in  various  items  (table  2). 
The  largest  volumes  were  in  2-  by  6- inch 
Dimension  (17  percent)  and  4-  by  12-inch 
and  wider  (16  percent). 


The  high  percentage  of  Select  Struc- 
tural and  Construction  grades  is  partially 
a  function  of  the  larger  lumber  dimensions 
produced,   since  size  of  admissible  grad- 
ing defect  increases  with  lumber  dimension. 

Lumber  recovery  by'  log  grade. — 
The  lumber  recovery  by  log  grade  is  in- 
cluded in  table  3  for  both  the  woods-length 
and  mill-length  logs.     The  total  percent- 
ages are  slightly  different  because  the 
logs  culled  in  each  scaling  system  were 
not  identical. 

The  lumber  grade  recovery  from  the 
four  mill-length  logs  graded  No.  3  Peeler 
is  much  higher  than  recovery  reported  for 
No.  3  Peeler  in  old-growth  Douglas-fir 
(see  footnote  5).  However,  with  only  four 
observations  in  the  sample,  the  statistical 
reliability  of  this  information  is  very  low. 

The  difference  in  lumber  grade 
recovery  for  the  No.  2  Sawmill  and  No.   3 
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Table  2. — Percent  of  total  production  by   lumber  grade  and  dimension 


Dimension 
(inches) 


All  sound  logs  sawn 


C  and  Better 
Select 


D 
Select 


Select 

Structural 


Construction 


Standard 


Uti  1  i  ty 


Economy 


Total 


1  x  4 
1  x  6 


0.05 
.06 


.02 


0.06 
.10 


Percent 

2.29 

1.92 


0.72 
.46 


0.37 
.13 


0.21 
.04 


3.69 
2.731/ 


Total 


.11 


.02 


.lb 


4.21 


1.18 


,50 


.'/[, 


6.42 


2  x  4 
2x6 
2x8 
2  x  10 
2  x  12 


.56 

.  80 

.1)4 

.81 
.06 


.05 
.15 

.04 
.05 


3.01 
4.86 

.52 
5.35 

.12 


4.50 
5.86 

.50 
3.39 

.02 


3.87 

2.02 

3.37 

1.77 

.32 

.47 

.  99 

.71 

.02 

0 

.22 

.13 
I 
.03 


14.23 

16.94 

1.93 

11.32 

.22 


Total 


2.32 


.29 


13.85 


14.27 


8.57 


4.97 


.  38 


44.64 


4x4 
4x6 
4x8 
4  x  10 
4  x   12+ 

Total 


.03 

.  05 

2.98 

5.32 

1.47 

1.01 

.02 

10.88 

.15 

.04 

5.53 

4.31 

1.98 

.80 

.04 

12.84 

.10 

.04 

2.54 

2.17 

.65 

.32 

.03 

5.85 

.  09 

0 

.45 

.61 

.36 

0 

0 

1.51,. 

.Ob 

0 

7.95 

5.81 

1.60 

.53 

0 

15.96.?-/ 

.43 


.13 


19.37 


18.22 


6.06 


2.66 


.  09 


47.04 


6-inch  and  thicker, 
6-inch  and  wider 


1.63 


.23 


.04 


1.90 


Total 


2.87 


.45 


35.08 


36.92 


15.85 


8.12 


.71 


100.00 


3/ 


—  Includes  0.04  percent  1  x 
2/ 


3/ 


Primarily  (12.73  percent)  4  x  14. 


—  Cross  totals  may  not  add  due  to  rounding. 


Table  3. --Lumber  grade  recovery  as  a  percent  of  lumber  tally   volume 


y 


Percentages  of  woods-  and  mill-length  logs  vary  due  to  cull  logs  that  developed. 


Grade 

Number 
of  logs 

C  and  Better 
Select 

D 
Select 

Select 
Structural 

1 
Construction 

Standard 

Utility 

Economy 

175 
416 

4.20 
.49 

0.67 
.05 

-  Percent  - 

35.35 
34.38 

Woods-length  logs- 
No.  2  Sawmill 
No.  3  Sawmill 

34.51 
41.15 

15.79 
15.92 

8.74 
7.29 

0.74 
.72 

Total  or 
average 

591 

2.89 

.45 

35.01 

36.85 

15.84 

8.23 

.73 

Mill-lenqth  loqs^ 

No.  3  Peeler 
No.  2  Sawmill 
No.  3  Sawmill 

4 

438 
675 

57.72 

2.55 

.76 

7.72 
.39 
.22 

28.14 

35.10 
35.39 

2.47 
36.60 
39.49 

1.30 
16.67 
14.63 

1.53 
7.98 
8.81 

1.12 
.71 

.70 

Total  or 
average 

1 

,117 

2.87 

A'j 

'35.08 

36.92 

15.85 

8.12 

.  1 

Sawmill  logs  is  small.     The  diameter  mini- 
mum of  12  inches  for  No.   2  Sawmill  seems  to 
to  be  the  primary  consideration  in  deter- 
mining log  grade. 

Lwrber  grade  recovery  and  log 
size. — Recovery  by  lumber  grade  varied 
with  diameter.     As  diameter  increased, 
the  percent  of  Utility  and  Economy  lumber, 
as  well  as  Selects,   increased  (fig.   6).     The 
No.   3  Sawmill  logs  had  4  percent  more 
Utility  and  Economy  lumber  than  the  No.  2 
Sawmill  logs  in  each  diameter  class.     The 
percent  of  Selects  increased  with  diameter 
much  more  sharply  in  No.  2  Sawmill  than 
in  No.   3  Sawmill  logs.     These  differences 
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are  significant  at  the  1-percent  probability 
level.     Appendixes  3A  and  3B  contain  the 
lumber  recovery  by  grade  and  diameter. 

LOG  VALUES 

The  product  recovery  value  of  a 
log  depends  on  the  grade  and  item  prices. 
The  values  shown  in  table  4  are  given 
only  to  point  up  the  effect  of  different 
systems  of  volume  measurement  on  value 
per  unit  volume.     The  fitted  regression 
line  of  value  per  thousand  board  feet  net 
log  scale  is  shown  in  figure  7  for  mill- 
length  logs. 
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Figure   6. — Cumulative  percent   of  lumber   grades   by   log  diameter ,   mill-length   logs. 


Table  4. — Value  per  unit  volume 


Scaling 
length 


Total 
value 


Lumber 
tally 


Lumber 
tally 


Net 
Scribner 
scale 


Net 
scale 


Gross 
cubic 
feet 


Gross 
volume 


Mill-length 
logs 


n  77                   D        j           Dollars  per       _         ,           Dollars  per  „  ,  .  Dollars  per 

Dollars           Board             .,           s          Board             .,           s  Cubza                        <\ 

thousand              *__*.              thousand  „                 thousand 

board  feet  aubia  feet 


„     ,  znousana  - 

feet  ,         ,   „     ,  feet 

board  feet  J 


Woods-length    ,, 

logs  -'15,238.74       148,078  102.92  101,870 


15,206.95       147,774  102.93  120,420 


149.60 
126.19 


20,807 
20,594 


732.39 
738.42 


1/ 


Small   difference   in  totals   are  due  to  different  cull    logs   excluded  from  the  totals. 


Table  5. --Tons  of  chips  per  unit  of  measure, 
woods-length  and  mill-length   logs 


Scaling 

Tons   of 
chips 

Scribner 

scale 

Cubic 

Board   feet 

Tons/M 

Cubic  feet 

Tons/M 

Woods-length 
Mi  11 -length 

84.51 
84.51 

101,870 
120,420 

0.830 
.702 

20,807 
20,594 

4.06 
4.10 

Table  4  shows  that  the  Scribner 
scales  were  very  different  for  the  two 
systems,  as  were  the  recovery  ratios. 
The  cubic  scales  are  less  similar  than 
they  appear  because  of  the  variation  in 
recovery  factors  with  diameter  between 
the  two  scaling  systems  (fig.  3). 

CHIP  RECOVERY 

The  total  chip  recovery  was  84.  51 
dry  tons  of  chips,  calculated  from  the 
mill's  chip  invoices  and  measurements 
of  total  railcar  capacity.     There  is  a 
marked  difference  in  tons  per  thousand 
board  feet  (Scribner  scale)  between  the 


woods-length  and  mill-length  logs  (table  5). 
The  chip  recovery  in  tons  per  thousand 
cubic  feet  of  logs  is  nearly  identical  but 
could  be  considerably  different  if  the  log 
diameter  distribution  were  shifted  in 
either  direction  (figs.  4  and  5). 

The  total  chip  recovery  divided  by 
the  total  computed  cubic  volume  of  chip- 
pable  material  (appendixes  2 A  and  2B) 
converts  at  the  rate  of  25.84  pounds  per 
cubic  foot  for  woods-length  logs  and 
26.  58  pounds  per  cubic  foot  for  mill- 
>length  logs.     This  figure  is  comparable 
to  the  standard  density  of  28  pounds 
ovendry  weight  per  cubic  foot  of  green 
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Figure    7.  —  Value  per   thousand  board- foot   net   log  scale  by 
diameter,    mill-length   logs. 


volume  Douglas-fir.—^    Apparently,  com- 
puted cubic  volume  of  chippable  material 
was  cjuite  accurate  if  a  small  volume  of 
actual  chippable  material  can  be  assumed 
to  be  lost  either  at  the  barker  or  as  waste. 

EFFECT  OF  GROWING  CONDITIONS 
AND  STORAGE  TIME 

There  were  differences  among  stands 
in  density  and  management;  in  addition, 
logs  from  one  stand  were  in  deck  storage 
for  approximately  1  year.     Covariance 
analyses  were  run  for  recovery  ratio  and 


6/ 

-    USDA  Forest  Service,   Forest  Products 

Laboratory.     Wood  Handbook,  No.  72,  527  p. 

U.  S.  Government  Printing  Office,  Washington, 

D.  C. ,   1955. 


percent  of  recovery  in  Utility  and  Economy 
lumber  grades  to  see  if  these  differences 
resulted  in  any  effect  on  the  lumber  vol- 
ume or  grade  recovery. 

In  those  logs  that  had  been  cut 
nearly  a  year  before  milling  and  then 
stored  in  the  millyard,  end  checking  to 
a  depth  of  at  least  4  inches  was  noted. 
However,  there  was  no  significant  differ- 
ence in  either  percent  of  Utility  and 
Economy  lumber  or  recovery  ratio  be- 
tween these  logs  and  the  logs  which  were 
freshly  cut. 

Between  stands  of  medium  or  dense 
stocking  and  those  of  light  stocking,  there 
was  a  difference  in  the  recovery  ratio 
significant  at  the  1-percent  level  of  proba- 
bility.    Trees  from  open-grown  stands 


ID 


produced  G.  2-percent  higher  recovery  ratio 
in  each  diameter  class  (fig.   8).     However, 
due  to  the  difference  in  diameter  distribu- 
tion between  stands,    the  mean  recovery 
ratio  was  only  1.  1  percent  higher  for  the 
open  stands  than  the  denser  ones. 

The  percent  of  lumber  recovered  in 
Utility  and  Economy  grades  was  signifi- 
cant^ different  at  the  1-percent  probability 
level  (fig.  9).     Essentially,  the  small  logs 
from  open  stands  produced  less  low  grade 
lumber  than  the  small  logs  from  closed 
stands.     For  logs  larger  than  9  inches, 
the  open  stands  produced  more  low  grade 
lumber  than  those  from  closed  stands. 
The  mean  percent  of  Utility  and  Economy 


for  the  open  stands  was  1.  3  percent  higher 
than  for  the  closed  stands. 

Two  of  the  stands  had  been  thinned 
in   1959,    one  precommercially  and  the 
other  commercially.     Recovery  ratios 
for  these  stands  were  not  significantly 
different  from  those  for  other  stands. 
The  percents  of  Utility  and  Economy 
grades  of  lumber  were  different  at  the 
5-percent  probability  level.     The  thinned 
stands  produced  10  percent  Utility  and 
Economy  lumber,  compared  with  6.  8  per- 
cent in  the  unthinned  stands.     This  is 
believed  to  be  a  result  of  a  combination  of 
diameter  distribution  and  earlier  stand 
history  rather  than  the  thinning. 
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Figure   8. — Recovery   ratio  by   diameter,   mill-length   logs. 
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Figure   9. — Percent   recovery   in   Utility   and  Economy 
lumber   grades,    mill-length   logs. 


DISCUSSION 

The  differences  in  Scribner  scale 
between  the  woods-length  and  mill-length 
logs  are  the  critical  point  to  be  made. 
These  result  in  different  recoveries  of 
both  lumber  and  chips  per  unit  of  volume. 
The  differences  in  cubic  volumes  for  each 
scale  appear  less  critical  but  could  be 
important  with  a  different  diameter  distri- 
bution. 

Cubic  log  volume  proved  a  more 
precise  predictor  of  lumber  recovery  than 
did  Scribner  scale.     This  was  true  for 
both  woods-length  and  mill-length  scales. 


There  are  several  factors  to  con- 
sider before  applying  this  information. 
The  sample  was  selected  to  take  as  wide 
a  range  of  tree  size  and  quality  as  we 
could  find.     A  random  sample  of  the  same 
area  would  average  considerably  smaller 
tree  and  log  diameters.     Because  of  this, 
the  fitted  regression  lines  are  better 
estimators  than  the  sample  means. 

The  large  volume  of  4  by  6  inch 
and  wider  caused  some  lumber  grade 
shifting  for  two  reasons.     First,  larger 
grading  defects  are  allowed  in  larger 
lumber  items.    Second,  most  of  the  larg- 
est lumber  items  were  cut  from  the  center 


12 


of  the  fastest  grown  logs.     Many  of  these 
centers  could  not  have  met  the  medium 
grain  requirements  for  Standard  or  Better 
lumber  grades  on  some  pieces  if  cut  into 
smaller  items. 

For  1-  and  2-inch  Dimension  lumber, 
yield  was  10.  7  percent  Utility  and  1.2 
percent  Economy.     For  4-  and  6-inch 
Dimension,  the  yield  was  5.4  percent 
Utility  and  0.  2  percent  Economy.     For  a 
production  run  which  was  primarily  2-inch 
Dimension,  the  fitted  regression  line  ad- 
justed for  this  difference  would  be  a  far 
better  estimator  of  Utility  and  Economy 
grades  to  be  expected  than  the  sample  mean. 

The  Select  grades  which  developed 
in  cutting  the  study  logs  were  primarily  in 
Dimension  items.     They  would  ordinarily 
be  sold  as  part  of  the  Standard  and  Better 
lumber  grade  grouping,  particularly  when 
such  a  small  proportion  of  the  total  volume 


is  in  Select  grades.     If  this  were  the  case, 
the  average  value  per  thousand  board  feet 
would  decrease  slightly  with  increasing 
log  diameter,  while  the  value  per  unit 
volume  would  be  nearly  parallel  to  the 
recovery  ratio  curve. 

There  was  no  real  difference  in 
recovery  between  the  open-grown  stands 
and  the  denser  stands.     Their  means  for 
both  recovery  ratio  and  percent  of  low  grade 
lumber  were  nearly  identical  though  arrived 
at  differently.     The  differences  would  prob- 
ably have  been  greater  if  all  of  the  produc- 
tion had  been  in  2-inch  Dimension  items. 

There  was  apparently  no  difference 
between  the  thinned  and  unthinned  stands 
due  to  thinning.     None  was  really  antici- 
pated.    The  stands  had  been  thinned  in 
1959;  they  were  among  the  first  thinnings 
done  on  commercial  forest  sites  by  Federal 
agencies  and  were  fairly  conservative. 
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APPENDIX  1 


LOGGING 


LUMBER  PRICES 


The  trees  from  Miami  Corporation 
lands  were  logged  in  October  1971.     The 
remaining  areas  were  cut  in  April   1972 
and  logged  June  through  August  of  1972. 
The  log  ends  were  tagged  with  tree  and 
log  identification  numbers.     All  logs  were 
taken  to  the  Riverside  Lumber  Company 
logyard  and  held  for  sorting,  scaling,   and 
processing. 

DATA  COMPILATION 
AND  ANALYSIS 

The  data  were  transferred  to  punch- 
cards  and  compiled  by  a  computer  program 
developed  specifically  for  processing 
lumber  recovery  data.—/ 


The  lumber  prices  used  in  this 
report  are  the  Forest  Service  Region  G 
appraisal  prices  for  1970  based  on  1969 
lumber  prices.     They  are  the  same  prices 
used  in  a  previous  publication  on  Douglas- 
fir  thinnings.— 

The  prices  are  as  follows: 


Dollars 

per  thousand 

board  feet 

C  and  Better  Select 

$219.98 

D  Select 

140.06 

Standard  and  Better—' 

102.89 

Utility  (No.   3) 

65.62 

Economy 

38.65 

Statistical  analysis  of  data  used 
covariance  analysis  of  multiple  linear  re- 
gressions.    Results  are  reported  by  grade, 
only  where  a  statistically  significant  differ- 
ence existed.     The  model  selected  for  the 
fitted  regression  lines  for  all  recovery 
curves  was: 


.■ 


j.  b  j.  a 
=  a  +  -  +  — 

x  2 

x 


because  this  model  consistently  gave  the 
lowest  residual  mean  square  error. 

In  analyzing  the  recovery  factors  and 
the  lumber  grade  recovery  percents  for 
mill-length  logs,  the  four  logs  which  were 
graded  No.  3  Peeler  were  included  with 
the  No.  2  Sawmill  grade  logs. 


— '   John  W.   Henley  and  Jill  W.   Hoopes.     An 
electronic  computer  program  for  calculating  saw- 
log  lumber  recovery  and  value.    USDA  Forest 
Service  Pacific  Northwest  Forest  and  Range  Ex- 
periment Station,  47  p.     Portland,   Oreg.  ,   1967. 


CUBIC  VOLUMES 

Cubic  volumes  are  based  on  diameters 
measured  at  both  ends  of  the  log.     On  butt 
logs,  the  large  end  diameter  recorded  was 
that  of  a  projected  conic  section  and  excludes 
stump  flare.     Cubic  volume  is  computed 
bv  the  formula 


V  = 


it(Z?   2   +   D  D,    +   D.2)    x  L 
s  si  1 

3  x   4   x  144 


where    n      =    3.1416 

Ds  =  small  end  diameter  in  inches 
D-.  =  large  end  diameter  in  inches 
L     =  nominal  length  in  feet. 


— '   T.   D.   Fahey  and  Douglas  L.   Hunt.    Lumber 
recovery  from  Douglas-fir  thinnings  at  a  bandmill 
and  two  chipping  canters.     USDA  Forest  Service 
Research  Paper  PNW-131,  9  p.     Pacific  Northwest 
Forest  and  Range  Experiment  Station,  Portland, 
Oreg.,   1972. 

"  9/ 

—    Includes  Select  Merchantable,  Select  Struc- 
tural, Construction,  No.   1,  Standard,  and  No.  2 
grades  of  lumber. 


15 


SAWMILL  PROCESSING 

In  the  woods,  each  log  was  given  a 
set  of  numbers  identifying  the  tree  and 
woods- length  log.    After  bucking,  logs 
were  retagged,  if  necessary,  to  maintain 
log  identification.     An  identification  num- 
ber was  maintained  on  each  board  from 
the  log,  through  lumber  tally. 

The  1, 117  sawmill-length  logs  proc- 
essed during  the  study  were  cut  from  591 
woods-length  logs. 

LUMBER  GRADING 

All  lumber  was  graded  in  the  rough 
green  condition  by  a  WCLIB  Grades 
Inspector  and  assigned  its  anticipated 
surfaced  green  grade.—'     The  Grades 
Inspector  also  marked  pencil  trim—/ 
where  necessary.     Pencil  trim  was  used 
mainly  on  boards  which  were  incorrectly 
trimmed.     It  was  used  to  upgrade  a  board 
only  if  it  was  probable  that  the  same  deci- 
sion would  be  made  at  the  planer  trimsaw. 

LUMBER  TALLY 

After  the  boards  were  graded,  they 
were  tallied  by  study  team  members  from 
the  U.  S.   Forest  Service  and  Bureau  of 
Land  Management.     Each  board  was  tallied 
by  log  identification  number,  grade,  width, 
thickness,   and  length.     Pencil  trim  was 
deducted  from  the  length  as  tallied. 


CHIP  RECOVERY 

Chip  recovery  is  based  on  the 
railroad  car  invoices  supplied  by  the 
chip  purchaser.     Three  railcars  were 
involved.     The  first  car  contained  1-1/2 
units  of  chips  from  nonstudy  logs.     In 
the  third  car,  81  percent  of  the  available 
car  height  was  filled  with  chips  from 
study  logs.     The  volume  of  chips  and 
the  tons  of  ovendry  chips  for  each  car 
was  determined  by  the  purchaser  based 
on  gross  chip  weight  and  sampled  mois- 
ture content.     The  volume  and  tonnage 
of  study  chips  were  calculated  from  the 
invoice  of  the  second  car  and  adjusted 
invoices  from  the  other  two  cars.     The 
estimated  error  is  ±  1  b.  d.  t. 

PRODUCT  CUBIC  VOLUMES 

The  cubic  volume  of  lumber  is 
based  on  thickness  and  width  measure- 
ments of  rough  green  lumber.     Cubic 
feet  of  wood  converted  to  sawdust  is 
based  on  half  the  measured  kerf  times 
the  surface  area  of  the  boards.     Chippable 
log  volume  is  derived  by  subtracting 
the  lumber  and  sawdust  volume  from 
log  volume. 


M/  West  Coast  Lumber  Inspection  Bureau. 
Number  16  Standard  Grading  Rules  for  West 
Coast  Lumber.     Effective  September  1,   1970. 
Portland,  Oregon. 

—    Reduction  in  board  length  marked  when 
such  remanufacture  was  probable  prior  to  shipping. 
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Appendix  3A    -Lumber  grade  recovery  percent  by  diameter,  woods-length  logs 


Diameter 
(inches) 


Number 
of 
logs 


Lumber  grade 


C  and  Better 
Selei  t 


D 
Select 


Select 
Structural 


1/   Construction- 


al' lity- 


Economy 


Lumber 
tally 


Value 


LOG  GRADE   NO.    2 

SAWMILL 

12 

.,, 

0.17 

0 

36.68 

40.02 

15.36 

>,.  ;l 

0.96 

9,818 

99.94 

13 

23 

.56 

0 

41.35 

37.11 

15.40 

5.33 

.25 

8,394 

101.40 

14 

26 

.  n 

0 

31.95 

39.54 

17.22 

9.98 

.60 

11  ,068 

99.62 

15 

15 

.28 

.15 

33.03 

40.04 

18.83 

7.53 

.15 

7,176 

100.37 

16 

15 

1.03 

44 

41.95 

35.41 

17.14 

3.46 

.57 

8,038 

102.61 

17 

13 

6.53 

.35 

39.87 

29.10 

14.52 

8.47 

1.15 

7,920 

106.77 

18 

16 

1.06 

.39 

41.44 

33.66 

16.89 

6.20 

.37 

12,178 

101.73 

19 

11 

4.70 

.17 

32.55 

33.29 

16.13 

11.88 

1.28 

8,406 

103.20 

20 

1 

0 

0 

60.44 

30.14 

9.43 

0 

0 

1,241 

102.88 

.'1 

4 

7.42 

0 

23.19 

37.29 

21.04 

10.97 

.10 

3,127 

107.43 

22 

5 

10.18 

.76 

33.72 

27.59 

10.79 

14.72 

2.25 

5,238 

108    16 

2  2 

'4 
25 

1 

0 
3 

0 

2.00 

20.60 

50.30 

19.20 

7.90 

0 

1,000 

100.69 

6.71 

2.69 

23.57 

35.42 

13.12 

18.28 

.20 

4,009 

104.80 

26 

2 

23.27 

2.65 

33.59 

14.77 

15.74 

9.13 

.:'.4 

2,376 

127.18 

28 

;■■■' 

2 
0 
1 

18.94 

6.92 

17.51 

29.50 

17.40 

8.77 

" 

2,919 

123.76 

25.17 

1.70 

17.71 

22.32 

6.24 

23.81 

3.05 

1,474 

122.16 

30 

1 

14.45 

3.27 

42.53 

20.85 

7.66 

10.80 

.44 

1,592 

116.71 

Total   or 
average 


175 


4 .  20 


.67 


35.35 


15.79 


LOG  GRADE   NO.    3  SAWMILL 


5 

59 

' 

100 

7 

,,.: 

8 

c,0 

' 

;.: 

10 

46 

11 

36 

1? 

0 

13 

2 

14 

1 

15 

0 

lh 

2 

17 

0 

18 

0 

1  I 

2 

20 

0 

21 

0 

22 

0 

2  3 

1 

24 

0 

25 

1 

tal   or 

average 

41  £ 

i.7 

12 

0 

0 

29 

13 

0 

0 

4.34 


,00 


.83 


27.59 
26.29 
33.02 
42.93 
41.59 
41.01 
31.22 

32.67 
76.52 


17.59 


37.31 
0 


45 

93 

53 

78 

44 

79 

•1 

46 

38 

2'' 

37 

70 

41 

31 

5  3 

12 

16 

34.21 


18.1  5 
15.20 
16.65 
11.59 
13.82 
15.56 
18.34 

24.25 
11.32 


22.00 


15.25  13.45 

11.55  7.29 


5 . 8  i 
3.93 
4.18 
4.78 
5.68 
4.73 
8.43 

11.55 


19.93 


23.77 
68.69 


.65 

.33 
.24 
.23 
62 

.72 
.27 


.'    79 


1.10 


0 
12.46 


2,911 

100.1 1 

8,133 

101.94 

5,981 

100.67 

5,546 

100.95 

7,713 

100.38 

8,528 

101.01 

7,873 

99.72 

161 

98.58 

4  /  / 

102.87 

1,056 
126 


105.02 
69.27 


.49 


34.38 


41.15 


52,104 


100.  il 


2/ 


Includes  Select  Structural    and  Select  Merchantable  grades. 


—  Includes  Construction  and  No.    1. 

-  Includes  Standard  and  No.    2. 
-/   Includes  Utility  and  No.    4. 

-'    Dollars   per  thousand  lumber  tally. 
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Appendix  3B    -Lumber  grade  recovery  percent  by  diameter,  mill-length  logs 


Diameter 
( inches) 

Number 
of 
logs 

Lumber  grade 

Lumber 
tally 

Value 
]_ 

C  and  Better 
Select 

D 
Select 

Select     ,. 
Structural- 

2/ 
Construction- 

Standard- 

Utility^ 

Economy 

-'■  - 

$/M  L.T.- 

ly  GRADE  NO.    3  PEELER 

24 

1 

79.35 

0 

12.09 

0 

8.55 

0 

0 

3 19 

195.81 

25 

26 

1 

0 

28.59 

4.44 

65.19 

1.04 

0 

0 

.74 

676 

137.54 

2  7 

78 
is 

;n 

31 
32 

u 
l 

0 
0 

n 
l 

75.00 

0 

20.83 

4.17 

0 

0 

0 

480 

190.71 

63.22 

19.35 

6.27 

3.81 

0 

4.63 

2.72 

734 

180.63 

Total   or 

averagf 

4 

57.72 

7.72 

28.14 

2.47 

1.30 

1.53 

1.12 

2,228 

172.06 

LOG  GRADE   NO.    2   SAWMILL 

12 

80 

14 

u 

32.80 

43.66 

17.26 

5.24 

.90 

8,744 

100.52 

13 

71 

46 

(i 

36.87 

45.02 

14.32 

2.88 

.44 

9,329 

102.07 

14 

49 

2  3 

" 
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The  mission  of  the  PACIFIC  NORTHWEST  FOREST 
AND  RANGE  EXPERIMENT  STATION  is  to  provide  the 
knowledge,  technology,  and  alternatives  for  present  and 
future  protection,  management,  and  use  of  forest,  range,  and 
related  environments. 

Within  this  overall  mission,  the  Station  conducts  and 
stimulates  research  to  facilitate  and  to  accelerate  progress 
toward  the  following  goals: 

1.  Providing  safe  and  efficient  technology  for  inventory, 
protection,  and  use  of  resources. 

2.  Development  and  evaluation  of  alternative  methods 
and  levels  of  resource  management. 

3.  Achievement  of  optimum  sustained  resource  produc- 
tivity consistent  with  maintaining  a  high  quality  forest 
environment. 

The  area  of  research  encompasses  Oregon,  Washington, 
Alaska,  and,  in  some  cases,  California,  Hawaii,  the  Western 
States,  and  the  Nation.  Results  of  the  research  will  be  made 
available  promptly.  Project  headquarters  are  at: 


Fairbanks.  Alaska 
Juneau,  Alaska 
Bend,  Oregon 
Corvallis,  Oregon 
La  Grande,  Oregon 


Portland,  Oregon 
Olympia,  Washington 
Seattle,  Washington 
Wenatchee,  Washington 


Mailing  address:    Pacific  Northwest  Forest  and  Range 
Experiment  Station 
P.O.  Box  3141 
Port/and,  Oregon  97208 


The  FOREST  SERVICE  of  the  U.  S.  Department  of  Agriculture 
is  dedicated  to  the  principle  of  multiple  use  management  of  the 
Nation's  forest  resources  for  sustained  yields  of  wood,  water, 
forage,  wildlife,  and  recreation.  Through  forestry  research,  co- 
operation with  the  States  and  private  forest  owners,  and  man- 
agement of  the  National  Forests  and  National  Grasslands,  it 
strives  —  as  directed  by  Congress  —  to  provide  increasingly  greater 
service  to  a  growing  Nation. 


USDA   Forest  Service   Research    Paper  PNW-1 

WILDFIRE  SMOKE  CONDITIONS: 
INTERIOR  ALASKA 


Pacific  Northwest  Forest  and  Range  Experiment  Station 
U.S.  Department  of  Agriculture  Forest  Service 

Portland,  Oregon 


ABSTRACT 

Records  of  21  stations  were  analyzed  for  the  occurrence, 
persistence,  and  related  visibility  resulting  from  summertime 
wildfire  smoke  and  haze  in  interior  Alaska.     Maximum  proba- 
bility of  smoke  occurrence  for  any  station  and  month  was  8.7 
percent  in  July  for  Bettles.     Seasonal  occurrence  of  smoke  was 
greatest  for  Tanana — 3.  3  percent.      Smoke  persistence  and 
visibility  reduction  were  not  found  to  the  extent  previously 
assumed. 

KEYWORDS:    Fire,  wildfire,  smoke,  Alaska. 


Richard  J.    Barney  was  Principal   Fire  Control  Scientist, 
Pacific  Northwest  Forest  and  Range  Experiment  Station,   Fairbanks, 
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Fire  Laboratory,   Missoula,  Montana.     Erwin  R.   Berglund  was 
Assistant  Professor,  Department  of  Land  Resources  and  Agricul- 
tural Sciences,  University  of  Alaska,   Fairbanks.     He  is  presently 
Watershed  Extension  Specialist,  School  of  Forestry,  Oregon  State 
University,   Corvallis,  Oregon. 
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INTRODUCTION 

Wildfires  have  been  and  are  commonplace  in  Alaska.    Aboriginal  man,  in 
addition  to  being  careless  with  fire,  started  fires  to  control  insects,  herd  animals, 
facilitate  travel,  and  dry  firewood  (Lutz  1956,   1959).     Near  the  latter  part  of  the 
1800' s  and  into  the  1900' s  white  man  made  an  impact  on  the  Alaskan  landscape  by 
starting  wildfires  either  to  clear  land  for  mining,  grazing,  and  farming  or  to  reduce 
undergrowth..    After  gold  was  discovered  and  railroad  and  road  construction  began, 
several  million  acres  were  burned  seasonally  (Hardy  and  Franks  1963).    Nineteen 
major  fires  alone  burned  over  6. 1  million  acres  between  1893  and  1937  (Lutz  1956). 

Hundreds  of  wildfires  occur  each  summer — some  in  excess  of  100,000  acres 
each.     In  1969,  over  4,000,000  acres  were  burned  (fig.   1).     Some  of  the  fires  burn 
for  long  periods  of  time,  often  well  into  the  winter  months.     Such  fire  activity  under 
specific  meteorological  conditions  results  in  a  smoke  pall  covering  hundreds  of 
square  miles  and  over  5.6  miles  thick.     From  mid- June  through  mid-July,   1969, 
an  estimated  145,000  cubic  miles  of  smoke  persisted  in  interior  Alaska  (Richardson 
1971). 
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Figure  1. — Number  of  fires  and  acres  burned  by  year,    Interior 
Alaska,    1940-69    (Barney   1971). 


Siberian  forest  fires  are  reported  to  produce  drift  smoke  over  Alaska.    An 
analysis  of  upper  air  currents  after  Alaskan  fires  were  extinguished  in  August  1970 
revealed  smoke  originating  from  Siberia.— ' 

Smoke  is  an  aerosol  introduced  to  the  atmosphere.     The  individual  smoke 
particles,  0.001-0.  3-u  diameter  and  averaging  0.25-u,  affect  visibility  by  scatter- 
ing, refracting,  and  reflecting  light  (Byram  and  Jemison  1948).    Byram  and  Jemi- 
son  found  while  viewing  a  distant  landscape  through  thin  smoke  that  color  and 
brightness  contrasts  are  reduced,  most  colors  undergo  a  change  in  hue,  color 
saturation  is  greatly  decreased,  and  shadow  contrast  is  reduced.    Smoke  is  thus 
disruptive  and  potentially  hazardous  to  air  travel,  as  well  as  annoying  (fig.  2) 
(Lutz  1956). 

Military,  commercial,  and  recreational  air  travel  profit  from  clear,  smoke- 
free  skies  (Hardy  and  Franks  1963).     Smoke  impact  on  military  activities  can  have 
far-reaching  effect  when  national  defense  is  considered.    The  Bureau  of  Land 
Management  has  found  that  smoke  drifting  over  high-value  areas  prevents  aerial 
detection  and  attack  (Richardson  1971).    Smoke  has  inhibited  fire  control  operations 
on  numerous  occasions,  especially  in  close  proximity  to  a  fire.     In  1969,    a 
commercial  air  taxi  operator  in  Fairbanks  reported  a  flying  business  loss  of 
$30,000-$50,  000  due  to  the  severe  smoke  conditions.     In  addition,  recreational 
air  travel  was  reduced  when  several  "bush"  airfields  were  closed  due  to  smoke 
conditions  (Barney  1971). 

Tourism  is  a  major  economic  concern  in  Alaska.     Smoke  could  possibly  affect 
tourism  by  reducing  visibility.     The  actual  impact  is  not   known  (Barney  1971), 
but  insight  into  the  potential  impact  is  available.     Miller  (1971)  reviewed  tourism 
in  Mount  McKinley  National  Park.     Of  the  Park  visitors,  80  percent  came  because: 
(1)  Mount  McKinley  is  the  highest  mountain  in  North  America  (20,320  feet),  (2) 
scenery  is  unparalleled  elsewhere,   (3)  wildlife  is  abundant,  and  (4)  an  intrinsic 
value  exists  for  visiting  a  National  Park.     Three  of  these  four  factors  are  associated 
with  visibility.     Miller  hypothesized  that  during  a  severe  fire  season   the  expected 
impacts  on  visitors  may  be:    (1)  decreased  visitation,  (2)  decreased  length  of  stay, 
(3)  restricted  individual  activities,  (4)  wildlife  restlessness,  (5)  poor  photography 
conditions,  (6)  more  visitor  complaints,   (7)  less  camping,  (8)  fewer  visitors  on 
bus  tours,  and  (9)  less  mountain  climbing.      Using  1969  data,    Miller  found 
only  the  length  of  stay  to  be  significantly  affected.     A  study  by  Hakala  et  al.   (1971) 
reported  that  the  86,000-acre  Swanson  River  fire  on  the  Kenai  National  Moose  Range 
in  1969  caused  considerable  recreational  economic  loss  to  the  area.     Over  the 
period  of  closure  for  the  Russian  River  (June  14-July  3)  and  Swanson  River 
(August  3-September  1)  recreational  areas,  a  $1,092,000  visitor  use  loss  was 
realized.     The  total  recreational  loss,  including  the  visitor  use  loss  and  the 
recreational  value  loss  (prorated  over  20  years),  was  estimated  to  be  $33,385,960. 


—'  Personal  communication  with  James  H.  Richardson,  Chief,  Division  of  Fire  Control, 
Bureau  of  Land  Management,  Washington,  D.  C. 
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Figure   2.- -A   southerly   view  from   the   University   of  Alaska, 

Fairbanks ,    overlooking   the   Tanana   River   Valley.       (A)  Clear 
day;     (B)  1969   smoke   conditions . 


Research  on  the  health  hazard  of  smoke  from  wildfires  or  slash  fires  has 
recently  commenced.    A  laboratory  analysis  revealed  that  12  pounds  of  hydrocarbons 
were  released  per  ton  of  slash  burned  (Cramer  and  Westwood  1970).    Data  of 
Fritschen  et  al.   (1970)  indicate  that  smoke  is  a  small  component  of  slash  combus- 
tion,  and  that  carbon  monoxide,  carbon  dioxide,   and  hydrocarbon  gases  constitute 
the  major  component  (table  1). 

Continuing  laboratory  analyses  have  not  produced  sulfur  dioxide  and  photo- 
chemical smog  from  wood  smoke.    Consequently,  the  health  hazard  of  wildfire  or 
slash  fire  smoke  occurs  when  the  smoke  particulates  are  in  association  with  exist- 
ing sulfur  dioxide  in  the  atmosphere.     The  most  objectionable  smoke  would  be  that 
which  adds  to  present  pollution  of  urban  and  industrial  areas  (Cramer  and  Westwood 
1970). 

A  paradox  has  developed  over  vegetation  management  in  interior  Alaska.     Fire 
perpetuates  the  mosaic  vegetative  cover  (Lutz  1956)  but  wood  smoke  is  undesirable. 

A  paper  on  Alaskan  forest  fires  by  Hardy  and  Franks  (1963)  contained  a  table 
reporting  the  general  visibility  distances  by  hour  of  day  and  by  number  of  days  per 
month  per  distance  class  for  several  interior  Alaska  stations.     Problems  associated 
with  reduced  visibility  were  not  indicated. 


Table   1 .--Summari-zed  laboratory  analyses  of  combustion  products  from  Douglas-fir  (Pseudotsuga  menziesii 
(Mirb.)  Franco),  western  hemlock   (Tsuga  heterophyl la   (Raf.)  Sarg.),   and  western  redcedar 
(Thuja  plicata  Donn)  slash 


Species 


Sample 


Number 


Mass 


Combustion  products— 


1/ 


Smoke  particulate 
per  unit  of  slash 


CO,  C02  and 
hydrocarbon  gases 
per  unit  of  slash 


Residue 
per  uni  t  of  slash 


(kg) 

(lb) 

g/kg 

lb/ton 

g/kg 

lb/ton 

g/kg 

lb/ton 

Douglas-fir 

1 

8.2 

18.04 

2.3 

4.6 

1,176.6 

2,358.1 

1.5 

3.0 

Western  hemlock 

1 

11.4 

25.08 

2.0 

4.0 

1,061.2 

2,126.8 

1.9 

3.8 

2 

12.1 

26.62 

2.0 

4.0 

1,260.2 

2,525.7 

1.6 

3.2 

Western  redcedar 

1 

11.0 

24.2 

1.7 

3.4 

1,612.2 

3,231.1 

1.0 

2.0 

2 

11.0 

24.2 

2.2 

4.4 

1,456.2 

2,918.5 

2.9 

5.8 

Source:  Fritschen  et  al.  (1970). 

—  CO,  CO2,  and  hydrocarbon  gases. 


OBJECTIVES 

This  study  was  developed  to  quantify  the  occurrence,  persistence,  and  visi- 
bility reduction  resulting  from  summertime  smoke  and  haze  in  interior  Alaska. 
The  findings  provide  resource  managers  a  better  basis  for  assessing  the  environ- 
mental impact  of  smoke. 


METHODS 

Data  were  the  hourly  surface  observations  for  individual  stations  available 
from  the  U.S.  Department  of  Commerce,  National  Oceanic  and  Atmospheric  Admin- 
istration,  Environmental  Data  Service  Center,  Asheville,  North  Carolina  (table  2, 
fig.  3).    Data  were  for  a  183-day  fire  season  from  April  1  through  September  30. 


Table  2. --List  of  stations  and  period  of  record  used  in  analysis 


Station 


Station 

identification 

number 


Operating 
agency!/ 


General 
period  of  record 


Total 

years 

spanned 


Anchorage 

Bethel 

Bettles 

Big  Delta 

Fairbanks 

Farewell 


2/ 


Fort  Yukon- 
Galena 
Gulkana 
Homer 
II iamna 

Indian  Mountain 
Kenai 

Lake  Minchumina 
McGrath 
Nenana   ... 
Northway  — 
Summit 
Talkeetna 
Tanana 
Unalakleet 


26451 
26615 
26533 
26415 
26411 
26519 
26413 
26501 
26425 
25507 
25506 
26535 
26523 
26512 
26510 
26435 
26412 
26414 
26528 
26529 
26627 


wso 

11/53  -   12/69 

17 

wso 

7/48  -   12/64 

17 

FAA 

1/45  -   12/71 

27 

FAA 

7/48  -   12/71 

24 

WSO 

7/48  -   12/71 

24 

FAA 

7/48  -   12/60 

13 

FAA 

7/48  -  9/63 

16 

FAA-AFB 

6/53  -   12/70 

18 

FAA 

7/48  -   3/67 

20 

FAA 

7/48  -   12/71 

24 

FAA 

7/48-12/54,   1/57-12/62 

13 

AFS 

7/51   -   12/70 

20 

FAA 

7/48  -   7/67 

20 

FAA 

7/48  -  4/69 

22 

WSO 

7/48  -   3/67 

20 

FAA 

8/48  -   12/71 

24 

WSO/ FAA 

7/48  -   12/68 

21 

FAA 

7/48  -   12/71 

24 

FAA 

7/48  -   12/65 

18 

WSO/ FAA 

7/48  -   12/62 

15 

FAA 

7/48  -   12/61 

14 

NOTE:  Several  of  the  above  stations  operated  on  a  limited  schedule  for  at  least 
part  of  the  period  shown. 


1/ 


2/ 


WSO  =  Weather  Service  Office 

FAA  =  Federal  Aviation  Administration 

AFB  =  Air  Force  Base 

AFS  =  Air  Force  Station. 


— '  Very  poor  records. 

—  Very  poor  records  through  1957. 


Figure   3 .--Location   of  stations   used  in   analysis: 
1   Anchorage  7   Fort   Yukon  12   Indian  Mountain  17  Northway 


2  Bethel  8   Galena  13  Kenai 

3  Bettles  9   Gulkana 

4  Big   Delta  10  Homer  15  McGrath 

5  Fairbanks  11   Iliamna  16   Nenana 

6  Farewell 


18  Summit 

14  Lake  Minchumina  19  Talkeetna 

20  Tanana 

21  Unalakleet 


This  seasonal  period  was  selected  because  it  normally  represents  over  95  percent 
of  Alaska's  wildfire  activity  (Barney  1967).     From  these  data,  the  trihourly  obser- 
vations in  which  either  smoke,  haze,  or  smoke  and  haze  was  recorded  were  utilized. 
The  eight  trihourly  observations  began  at  0200  Alaska  Standard  Time  each  day. 


DISCUSSION 


SMOKE  OCCURRENCE 


Table  3  shows  the  percent  probability  of  smoke,  haze,  or  smoke  and  haze 
occurring  by  month  and  season  at  the  21  stations.     Each  percent  probability  of 
occurrence  was  calculated  as: 

*         u  u-T4-  number  of  smoke  days         nrvA 

percent  probability  =   •* —    x  100 

potential  number  of  days 

A  smoke-day  was  any  day.  in  which  smoke,  haze,  or  smoke  and  haze  was  reported 
at  any  one  of  the  trihourly  observations  for  the  given  station.     The  potential  number 


Table  3. --Average  daily  probability    (peraent)  of  smoke ,   haze,   or 
smoke  and  haze  by  month  and  season 


Station 

April 

May 

June 

July 

August 

September 

Season 

•  -  Peroey 

it 

Anchorage 

0 

0 

1.0 

0 

0.9 

0 

0.3 

Bethel 

0 

0 

1.4 

1.5 

.7 

.2 

.7 

Bettles 

.1 

0 

2.2 

8.7 

3.1 

0 

2.5 

Big  Delta 

0 

0 

2.4 

4.2 

3.0 

.1 

1.7 

Fairbanks 

0 

.1 

3.3 

6.3 

4.6 

1.3 

2.8 

Farewell 

0 

0 

2.0 

5.0 

.5 

0 

1.4 

Fort  Yukon 

0 

0 

2.7 

7.7 

5.4 

.2 

2.9 

Galena 

0 

.2 

3.3 

5.7 

1.2 

1.7 

2.2 

Gulkana 

0 

0 

0 

1.2 

0 

0 

.2 

Homer 

0 

0 

.2 

.7 

.3 

0 

.2 

Iliamna 

0 

0 

.8 

2.0 

.7 

.2 

1.4 

Indian  Mountain 

0 

0 

2.7 

5.8 

2.8 

.2 

1.3 

Kenai 

0 

0 

.7 

.5 

1.7 

0 

.5 

Lake  Minchumina 

0 

0 

1.1 

3.7 

2.0 

0 

1.2 

McGrath 

0 

0 

2.0 

3.5 

.8 

0 

1.1 

Nenana 

0 

0 

3.3 

6.0 

3.2 

1.1 

2.4 

Northway 

0 

0 

1.1 

2.2 

1.1 

.2 

.8 

Summit 

.1 

0 

1.0 

1.2 

.9 

0 

.(> 

Talkeetna 

0 

0 

.9 

.7 

.7 

0 

.4 

Tanana 

0 

0 

4.4  ' 

8.4 

5.6 

0 

3.3 

Unalakleet 

0 

0 

1.4 

3.2 

.7 

1.4 

1.2 

of  days  was  the  days  per  given  month  or  season  summed  over  the  number  of  years 
of  record.    This  analysis  was  based  on  the  entire  period  of  record  available  for 
each  station. 

The  data  indicate  that  smoke  does  not  present  a  problem  in  interior  Alaska 
during  April  and  May.     The  majority  of  the  smoke  occurred  in  June  and  July.     Smoke 
occurrence  probability  was  greatest  during  the  month  of  July  for  almost  all  stations. 
This  can  be  attributed  to  the  fact  that  most  large  wildfires  usually  begin  in  June 
but  often  burn  into  July.    Due  to  the  concentration  of  smoke  from  several  wildfires, 
smoke  eventually  becomes  dense  enough  to  be  reported  with  some  frequency.    Smoke 
occurrence  decreases  through  August  and  September. 

The  data  reveal  that  smoke  is  not  generally  a  major  problem  in  interior  Alaska. 
The  greatest  seasonal  occurrence  was  reported  at  Tanana  with  3.  3  percent  chance 
of  smoke.       Bettles  reported  the  greatest  probability  of  smoke  in  any  month  with 
8.  7  percent  in  July,  while  Anchorage  reported  no  smoke  in  July  and  Gulkana  re- 
ported no  smoke  in  June  and  August. 

AVERAGE  NUMBER  OF  SMOKE  DAYS 

Table  4  depicts  the  average  number  of  days  per  month  on  which  smoke,  haze, 
or  smoke  and  haze  was  reported  at  each  station.     Data  for  this  table  include  arithmetic 


Table  A.--  Average,   range,   and  total  number  of  days  per  month  that  smoke,   haze,    or  smoke  and  haze 
was  reported  during  the  April-September  fire  season-' 


Station 

April 

May 

June 

July 

August 

September 

Number  of 

years  of 

data 

Total 

number  o 

Average 

Range 

Average 

Range 

Average 

Range 

Average 

Range 

Average 

Range 

Average|  Range 
1 

smoke- 
days 

-Days  per 

month 

Anchorage 

0 

_. 

0 

__ 

0.29 

0-5 

0 

-. 

0.29 

0-5 

0 



17 

10 

Bethel 

0 

-- 

0 

— 

.41 

0-4 

.47 

0-5 

.23 

0-2 

.06 

0-1 

17 

20 

Bettles 

.04 

u -4 

0 

-- 

.67 

0-6 

2.70 

0-18 

.96 

0-7 

0 

— 

27 

118 

Big  Delta 

0 

-- 

0 

— 

.71 

0-11 

1.29 

0-10 

.92 

0-10 

.04 

0-1 

24 

71 

Fairbanks 

0 

-- 

.04 

0-1 

1.00 

0-10 

1.96 

0-14 

1.46 

0-16 

.38 

0-7 

24 

116 

Farewel 1 

II 

-- 

0 

-- 

.62 

0-5 

1.54 

0-15 

.15 

0-1 

0 

— 

13 

30 

Fort  Yukon 

CI 

-- 

0 

-- 

.81 

0-8 

2.38 

0-18 

1.69 

0-14 

.06 

0-1 

16 

79 

Galena 

(I 

-- 

.06 

0-1 

1.00 

0-12 

1.78 

0-18 

.39 

0-3 

.50 

0-9 

18 

67 

Gulkana 

II 

-- 

0 

-- 

0 

-- 

.35 

0-3 

0 

— 

0 

— 

20 

7 

Homer 

0 

-- 

0 

-- 

.08 

0-2 

.21 

0-3 

.08 

0-2 

0 

— 

24 

9 

Iliamna 

IJ 

-- 

0 

— 

.23 

0-3 

.62 

0-8 

.23 

0-2 

.08 

0-1 

13 

15 

Indian  Mountain 

1) 

-- 

0 

-- 

.  80 

0-8 

1.75 

0-17 

.85 

0-12 

.05 

0-1 

20 

69 

Kenai 

0 

-- 

0 

-- 

.  20 

0-3 

.15 

0-3 

.50 

0-9 

0 

-- 

20 

17 

Lake  Minchumina 

0 

-- 

0 

-- 

.32 

0-4 

1.14 

0-15 

.64 

0-10 

0 

-- 

:? 

46 

McGrath 

0 

-- 

0 

-- 

.60 

0-6 

1.05 

0-16 

.25 

0-3 

0 

— 

20 

38 

Nenana 

0 

-- 

0 

-- 

1.00 

0-10 

1.86 

0-12 

1.00 

0-7 

.33 

0-6 

24 

101 

Northway 

0 

-- 

0 

-- 

.33 

0-4 

.67 

0-5 

.33 

0-2 

.05 

0-1 

21 

29 

Summi  t 

.04 

0-4 

0 

-- 

.29 

0-6 

.38 

0-5 

.29 

0-4 

0 

— 

24 

24 

Talkeetna 

0 

-- 

0 



.23 

0-5 

.22 

0-4 

.22 

0-2 

0 

-- 

18 

13 

Tanana 

0 

-- 

0 

-- 

1.33 

0-11 

2.60 

0-12 

1.73 

0-14 

0 

-- 

15 

85 

Unalakleet 

0 

-- 

0 

-- 

.43 

0-3 

1.00 

0-9 

.21 

0-3 

.43 

0-6 

14 

29 

1/ 


If  smoke,  haze,  or  smoke  and  haze  is   reported  for  any  time  in  a  24-hour  day,   the  day  is  considered  in  the  summary. 


averages  each  based  on  the  sum  of  smoke-day  observations  of  a  given  month  for  the 
years  of  record  divided  by  the  number  of  years  of  record. 

The  range  of  smoke-days  is  also  shown.     No  station  reported  smoke  in  every 
month  for  each  year  or  in  a  given  month  for  the  entire  period.     Therefore,  all 
ranges  from  zero  to  the  highest  number  of  smoke-days  were  reported.      The 
ranges  indicate  considerable  variability  when  smoke  is  reported  in  interior  Alaska. 

Isolines  of  the  average  smoke-days  indicate  a  definite  geographic  distribution 
within  interior  Alaska  (figs.  4,  5,  and  6).  July  exhibits  the  greatest  average  num- 
ber of  days,  with  smoke  with  the  maximum  intensity  in  the  area  of  Bettles,  Stevens 
Village,  and  Tanana.  Furthermore,  the  area  of  maximum  occurrence  shifts  to  the 
northeast  from  this  area  to  the  Yukon  Flats  in  August.  In  August,  the  isolines 
begin  to  dissipate.  These  isoline  maps  correspond  to  the  reported  patterns  of  fire 
(Barney  1969). 

VISIBILITY  REDUCTION  PER  TIME-OF-DAY 

The  diurnal  distribution  of  trihour  periods  when  smoke,  haze,  or  smoke  and 
haze  was  reported  is  shown  in  table  5.    The  values  computed  are  the  percent  of 
total  trihourly  reports  that  occurred  in  each  trihourly  time  period. 

Smoke  intensity  and  timing  are  critical  in  evaluating  the  smoke  situation.    The 
majority  of  smoke  occurrences  (table  5)  appeared  to  fall  in  late  evening  to  early 

Table  5. — Percent  of  total  trihourly  reports  that  occurred  in  each 
trihourly  period  when  visibility  was  reduced  by  smoke, 
haze,   or  smoke  and  haze 


Time 

of  day 

Station 

Total 

0200 

0500 

0800 

1100 

1400 

1700 

2000 

2300 

-  -  Pei 

■'cent  - 

Anchorage 

20 

20 

8 

16 

8 

8 

8 

12 

100 

Bethel 

23 

15 

15 

10 

11 

13 

13 

0 

100 

Bettles 

12 

14 

13 

10 

12 

13 

12 

14 

100 

Big  Delta 

}2 

11 

13 

13 

13 

11 

14 

13 

100 

Fairbanks 

10 

13 

16 

14 

13 

11 

12 

1  1 

100 

Farewell 

15 

10 

15 

14 

14 

11 

9 

12 

100 

Fort  Yukon 

18 

0 

23 

19 

18 

7 

15 

0 

100 

Galena 

12 

12 

13 

15 

12 

12 

12 

12 

100 

Gulkana 

14 

4 

9 

9 

14 

14 

18 

18 

100 

Homer 

15 

19 

15 

8 

12 

8 

8 

15 

100 

Iliamna 

14 

11 

18 

9 

14 

9 

11 

14 

100 

Indian  Mountain 

12 

12 

14 

14 

12 

11 

12 

13 

100 

Kenai 

7 

18 

15 

7 

17 

7 

1  8 

1  1 

100 

Lake  Minchumina 

11 

13 

19 

14 

13 

10 

10 

li) 

100 

McGrath 

17 

1  2 

M 

13 

11 

8 

11 

14 

100 

Nenana 

9 

16 

16 

13 

13 

14 

1  1 

8 

100 

Northway 

14 

15 

15 

10 

10 

12 

12 

12 

100 

Summit 

11 

10 

14 

12  ' 

11 

12 

14 

16 

100 

Talkeetna 

12 

14 

14 

12 

12 

12 

12 

12 

100 

Tanana 

12 

14 

15 

14 

12 

10 

12 

11 

100 

Unalakleet 

18 

19 

14 

15 

10 

12 

12 

0 

100 
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Figure   4. — Average  smoke  days   isoline  map  -  June. 
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Figure   5.—  Average  smoke   days   isoline  map   -   July. 
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Figure   6. — Average  smoke  days  isoline  map  -  August, 
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morning.     This  corresponds  to  the  time  when,  even  in  Alaska  during  the  long  day- 
light periods,  general  inversions  exist.     During  inversion  periods,  smoke  tends  to 
become  concentrated  near  the  earth's  surface.     For  a  few  stations,  the  majority  of 
smoke  observations  occurred  during  midday.    This  may  be  due  to  fires  close  to  the 
observing  station. 

VISIBILITY  IMPACT 

Quantitative  visibility  reduction  when  smoke,  haze,  or  smoke  and  haze  was 
reported  is  presented  in  table  6.     Visibility  classes  are  those  defined  by  the  Weather 
Service  Reporting  and  Observing  Procedures.     The  number  of  reports  per  visibility 
distance  class  was  divided  by  the  total  number  of  reports  for  each  station.    Result- 
ing values  provide  a  percent  of  smoke  observations  that  occurred  in  the  various 
visibility  classes. 

Air  transportation  is  important  in  Alaska.     Most  cities,  towns,  and  villages 
have  flight  facilities.     Due  to  different  size  airports  and  a  variety  of  topographic 
conditions,  landing  requirements  for  ceiling  and  visibility  are  quite  variable. 
Visual  Flight  Rules  (VFR)  weather  minimums  for  airports  with  a  control  zone  air- 
space are  a  1,  000-foot  ceiling  and  3-mile  visibility.     Outside  of  the  control  zone 
airspace,  the  VFR  weather  minimums  for  aircraft  operations  are  "clear  of  clouds" 
and  "1-mile  visibility.  "    Several  airports  are  within  controlled  airspace  for  speci- 
fied time  periods  and  less  restricted  (standard  VFR)  for  the  remaining  time. 

Table  6. --Percent  of  smoke  observations  per  horizontal  visibility 
distance  from  observation  point  when  smoke,   haze,   or 
smoke  and  haze  is  reported 


Distance  class  (mile: 

.) 

Station 

0- 
1/8 

3/16- 

3/8 

1/2- 

3/4 

1- 

3-6 

7+ 

Total 

1 

Percent   - 

Anchorage 

0 

0 

0 

8 

92 

0 

100 

Bethel 

2 

0 

2 

34 

62 

0 

100 

Bettles 

3 

5 

8 

23 

61 

0 

100 

Big  Delta 

1 

1 

2 

32 

66 

0 

100 

Fai  rbanks 

1 

2 

12 

24 

62 

0 

100 

Farewell 

0 

2 

13 

34 

51 

0 

100 

Fort  Yukon 

2 

9 

11 

19 

60 

0 

100 

Galena 

<1 

11 

8 

38 

42 

0 

100 

Gulkana 

0 

o 

0 

9 

91 

0 

100 

Homer 

0 

4 

o 

19 

77 

0 

100 

Iliamna 

9 

c 

2 

21 

68 

0 

100 

Indian  Mountain 

2 

3 

12 

17 

66 

0 

100 

Kenai 

0 

4 

7 

24 

65 

0 

100 

Lake  Minchumina 

0 

1 

9 

20 

70 

0 

100 

McGrath 

o 

3 

12 

37 

48 

0 

100 

Nenana 

0 

2 

7 

19 

72 

0 

100 

Northway 

0 

<i 

3 

3  3 

64 

0 

100 

Summit 

0 

3 

1 

35 

61 

0 

100 

Talkeetna 

0 

0 

3 

27 

70 

0 

100 

Tanana 

0 

1 

in 

24 

65 

0 

100 

Unalakleet 

2 

1 

14 

21 

62 

0 

100 

L3 


Airports  with  authorized  instrument  approach  procedures  also  have  specific  weather 
minimums.  2/ 

Smoke  is  detrimental  and  potentially  hazardous  to  recreational,  commercial, 
and  military  air  travel.    The  percent  of  time  per  distance  class  that  visibility  was 
reduced  because  of  either  smoke,  haze,  or  smoke  and  haze  is  summarized  in 
table  6.    The  majority  of  all  reports  occur  in  the  3-  to  6-mile  visibility  class. 
No  reports  were  made  in  the  class,  7  miles  or  more.     Visibility  reductions  of  0 
to  3/8  mile  were  infrequent  (generally  3  to  4  percent  of  the  time  except  for  Fort 
Yukon  and  Galena),  while  visibility  reductions  to  up  to  1  mile  occurred  approxi- 
mately 10  percent  of  the  time. 

The  data  in  table  6  do  indicate  that  when  smoke  does  occur  it  influences  visi- 
bility and  hinders  safe  air  travel.    Approximately  65  percent  of  the  smoke  reports 
for  each  station  were  in  the  visibility  distance  class  of  3-6  miles.     With  the  VFR 
visibility  minimum  for  control  zone  airspace  being  3  miles  or  less  (depending  upon 
location)    it  seems  reasonable  to  assume  that  smoke  infringed  on  this  minimum 
approximately  35  percent  of  the  time  when  it  occurred.     For  authorized  instrument 
approaches,  visibility  reduction  occurred  less  than  10  percent  of  the  time  for 
most  of  the  stations. 

SMOKE  PERSISTENCE 

Smoke  persistence  was  analyzed  by  tabulating  the  data  into  consecutive-hour 
classes.    Only  the  days  and  periods  of  smoke  occurrence  were  used  in  the  calcula- 
tions.   Table  7  indicates  smoke  persistence  as  a  percentage  of  smoke  reports  per 
various  consecutive-hour  classes. 

The  persistence  of  a  smoke  pall  has  a  significant  impact  on  summertime 
activities  (Miller  1971).    However,  data  indicate  no  smoke  reports  for  consecutive 
trihourly  periods  in  excess  of  48  hours  (table  7). 

However,  it  is  known  that  smoke  may  engulf  sizable  areas  for  time  periods 
in  excess  of  48  hours.    McVee.3/  indicated  a  curtailment  in  fire  operations  due  to 
smoke  persistence  for  several  continuous  days.     The  smoke  often  passes    sporad- 
ically like  clouds,  and  prolonged  periods  of  excessive  smoke  may  not  appear  on  a 
continuous  basis. 

Trihourly  observations  may  be  too  infrequent.     However,  available  data  do 
indicate  that  when  smoke  is  observable,  it  commonly  persists  for  periods  up  to 
24  hours  at  the  reporting  stations. 

SMOKE  POTENTIAL 

The  percent  probability  that  a  smoke-day  will  be  followed  by  a  smoke-day  is 
presented  in  table  8.    Data  were  initially  tabulated  as  consecutive  days  when  smoke 


— '  Personal  communication  with  Thomas  J.  Creswell,  Director,  Alaska  Region,   Federal 
Aviation  Administration,  Anchorage. 

— '  Personal  communication  with  Curtis  V.  McVee,  State  Director,  Bureau  of  Land  Manage- 
ment, Anchorage. 
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Table  7. — Percent  of  reported  smoke,   haze,   or  smoke  and  haze 
observations  by  persistence  class 


Station 


Consecutive  hours 


0-3 


3-6 


6-9 


9-12 


12-24       24-48       48-72 


Total 


Anchorage 

73 

18 

0 

CI 

Percent  -  - 

9 

n 

100 

Bethel 

55 

29 

1  1 

II 

3 

ii 

0 

100 

Bettles 

54 

24 

9 

6 

4 

3 

II 

100 

Big  Delta 

54 

16 

in 

7 

Hi 

3 

0 

100 

Fai  rbanks 

57 

20 

o 

5 

9 

1 

o 

100 

Farewell 

46 

28 

n 

b 

7 

2 

ii 

100 

Fort  Yukon 

78 

11 

7 

1 

J 

n 

0 

100 

Galena 

4') 

28 

10 

i. 

6 

1 

0 

100 

Gulkana 

56 

11 

2.' 

(1 

n 

11 

II 

100 

Homer 

38 

n 

2  3 

8 

ii 

0 

II 

mi! 

11 iamna 

37 

32 

16 

5 

10 

0 

0 

100 

Indian  Mountain 

47 

31 

14 

2 

3 

3 

0 

100 

Kenai 

63 

27 

0 

7 

0 

3 

0 

100 

Lake  Minchumina 

54 

14 

12 

7 

10 

3 

0 

100 

McGrath 

51 

22 

n 

3 

10 

3 

0 

100 

Nenana 

49 

23 

12 

7 

7 

2 

0 

100 

Northway 

46 

24 

14 

5 

11 

o 

o 

100 

Summit 

53 

2d 

9 

15 

3 

11 

o 

100 

Tal keetna 

45 

5 

17 

11 

5 

I7 

0 

100 

Tanana 

5? 

22 

9 

6 

11 

1 

0 

100 

Unalakleet 

55 

15 

2 

13 

13 

2 

0 

100 

Table  8. --Probability    (percent)   that  tomorrow  will  have  smoke  following  given 

consecutive  days  of  reported  smoke— 


Station 


2/ 


Consecutive  days— 


10 


11 


12 


13 


14 


-  Percent  - 

Anchorage 

21 

100 

100 

100 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Bethel 

45 

60 

33 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Bettles 

63 

55 

73 

82 

44 

75 

100 

33 

100 

100 

0 

0 

0 

0 

Big  Delta 

71 

59 

60 

50 

67 

50 

100 

100 

100 

100 

100 

100 

100 

o 

Fai  rbanks 

56 

54 

67 

40 

50 

100 

50 

100 

100 

100 

100 

0 

0 

0 

Farewel 1 

25 

75 

100 

67 

50 

100 

0 

0 

0 

0 

0 

0 

0 

0 

Fort  Yukon 

72 

38 

63 

80 

100 

75 

33 

100 

100 

100 

100 

0 

0 

0 

Galena 

57 

46 

67 

75 

100 

100 

100 

100 

100 

50 

100 

100 

100 

0 

Gulkana 

67 

100 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

o 

Homer 

100 

25 

0 

0 

0 

0 

0 

0 

0 

II 

0 

0 

0 

0 

11 iamna 

50 

50 

50 

0 

0 

0 

0 

II 

o 

(1 

0 

0 

0 

0 

Indian  Mountain 

57 

56 

78 

5/ 

75 

3  3 

100 

0 

0 

o 

0 

0 

0 

0 

Kenai 

40 

75 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Lake  Minchumina 

59 

70 

71 

80 

50 

0 

0 

0 

0 

0 

0 

0 

0 

0 

McGrath 

69 

36 

50 

100 

100 

100 

50 

100 

100 

100 

100 

100 

0 

0 

Nenana 

78 

54 

40 

50 

67 

50 

0 

0 

0 

0 

0 

0 

0 

0 

Northway 

47 

25 

100 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Summit 

46 

33 

100 

50 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Tal keetna 

100 

50 

100 

50 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Tanana 

57 

50 

70 

71 

60 

6  7 

100 

50 

0 

0 

0 

0 

0 

0 

Unalakleet 

69 

67 

17 

0 

0 

0  . 

0 

0 

0 

0 

0 

0 

0 

0 

1/ 

2/ 


Smoke  must  first  be  reported  at  the  specific  station  before  the  table  can  be  used. 


—  If  smoke,  smoke  and  haze,  or  haze  is  reported  during  any  of  the  trihourly  observations  within 
a  calendar  day,  it  is  considered  a  smoke-day. 
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was  reported.    A  cumulative  frequency  by  consecutive  days  per  station  was  developed. 
Finally,  the  probability  of  smoke  occurring  in  day  (N+l)  given  that  smoke  had 
occurred  the  previous  day  (N)  was  calculated. 

(Day  N  +   1)  cumulative  frequency 
^+1      (Day  N)    cumulative  frequency 

That  is,  P„+1    is  the  probability  (percent)  that  tomorrow  (Day  N+l)  will  have  smoke 
if  today  was  the  Nth  consecutive  day  with  smoke. 

In  an  attempt  to  provide  fire  managers  and  resource  planners  with  more  useful 
information,  a  table  was  developed  showing  the  percent  probability  that  the  succeed- 
ing day  will  have  smoke  following  periods  of  consecutive  smoke-days  (not  consecu- 
tive trihourly  periods)  (table  8).    The  use  of  this  table  requires  the  determination 
as  to  how  many  consecutive  days  smoke  has  been  reported.    For  example,  if  smoke 
was  reported  at  some  time  period  today  at  Bettles  (and  none  yesterday),  there 
would  be  a  63-percent  chance  that  smoke  would  be  reported  at  some  time  tomorrow; 
if  today  were  the  5th  consecutive  day  of  smoke  there  would  be  a  44-percent  chance 
of  smoke  tomorrow  at  Bettles.     This  table  can  be  important  for  planning  fire  control 
operations  as  well  as  investigating  the  potential  smoke  persistence  for  a  region. 
This  table  also  indicates  the  maximum  number  of  consecutive  smoke-days  reported 
at  each  station. 

Table  8  is  based  upon  limited  data.    Although  the  table  should  be  used  with 
caution,  it  does  provide  a  useful  guide  for  planning  not  previously  available. 


SUMMARY 

Wildfires  are  common  in  interior  Alaska.  Many  individual  fires  burn  100,000 
acres  or  more  and  produce  sizable  smoke  palls.  Studies  indicate  that  smoke  inter- 
feres with  air  travel  and  recreation  and  may  be  hazardous  to  health. 

An  analysis  of  smoke  occurrence  revealed  that  the  greatest  probability  of 
smoke  was  in  June  and  July.    This  corresponded  with  the  months  of  major  fire 
activity.     The  maximum  monthly  probability  for  any  station  and  any  month  was  8.7 
percent  in  July  for  Bettles.     Bettles  also  had  the  longest  period  of  data  records — 
27  years.     On  a  seasonal  basis,  the  greatest  probability  of  smoke  occurring  for 
any  station  was  3.  3  percent  for  Tanana. 

Despite  a  wide  range  of  values  for  each  station's  average  number  of  smoke- 
days  per  month,  isolines  indicated  a  buildup  of  smoke  intensity  in  June  with  a 
maximum  in  July  and  a  dissipation  in  August.     All  3  months  exhibited  definite 
regional  locations. 

Visibility  reduction  according  to  time  of  day  indicated  greater  smoke  accumu- 
lation during  late  evening  and  early  morning.     This  corresponds  to  periods  when 
weak  inversions  may  develop. 
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Impact  on  air  travel  was  found  to  be  greatest  in  the  3-6-mile  visibility  class. 
No  records  indicated  smoke  in  the  7  miles  or  more  class,  and  reports  were  infre- 
quent in  the  less-than-3/8-mile  class.     When  smoke  did  occur,  the  data  indicated 
that  smoke  may  impair  air  travel. 

Data  revealed  no  smoke  persistence  for  periods  over  48  consecutive  hours. 
However,  Miller  (1971)  and  personal  experiences  contradict  these  data. 

A  table  provides  land  managers  and  other  interested  persons  a  relative 
smoke  potential  for  a  succeeding  day  given  a  known  number  of  preceding  smoke- 
days. 

CONCLUSIONS 

Apparently  smoke  does  not  occur  to  the  extent  previously  assumed  in  interior 
Alaska.     Sixteen  to  21  years  of  record  for  each  of  21  stations  in  Alaska  indicate 
that  the  probability  of  occurrence  of  smoke,  haze,  or  smoke  and  haze  did  not  ex- 
ceed 3.  3  percent  on  a  seasonal  basis  and  8.  7  percent  on  a  monthly  basis.     Visi- 
bility was  reduced  to  0-1/8  mile  at  nine  stations,  and  no  station  ever  recorded 
visibility  reduction  from  smoke  or  haze  in  excess  of  7  miles. 

Data  did  not  indicate  smoke,  haze,  or  smoke  and  haze  persisting  continuously 
at  any  one  station  for  periods  greater  than  48  hours.    All  stations  indicate  that 
once  smoke  is  reported,  there  is  a  chance  of  subsequent  daily  reports  of  smoke 
for  up  to  at  least  3  days  and  for  as  many  as  15  consecutive  days.    At  half  the 
stations,  smoke  was  reported  for  as  many  as  6  consecutive  days.     For  7  of  the 
21  stations,  this  condition  may  persist  for  up  to  10  consecutive  days. 

The  occurrence,  extent,  and  duration  of  smoke,  haze,  or  smoke  and  haze 
show  the  problem  to  be  minimal.     However,  during  extreme  fire  situations, 
smoke  has  a  detrimental  impact.     Severe,  infrequent  smoke  conditions  of  short 
duration  may  critically  limit  firefighting  activity. 
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The  mission  of  the  PACIFIC  NORTHWEST  FOREST 
AND  RANGE  EXPERIMENT  STATION  is  to  provide  the 
knowledge,  technology,  and  alternatives  for  present  and 
future  protection,  management,  and  use  of  forest,  range,  and 
related  environments. 

Within  this  overall  mission,  the  Station  conducts  and 
stimulates  research  to  facilitate  and  to  accelerate  progress 
toward  the  following  goals: 

1.  Providing  safe  and  efficient  technology  for  inventory, 
protection,  and  use  of  resources. 

2.  Development  and  evaluation  of  alternative  methods 
and  levels  of  resource  management. 

3.  Achievement  of  optimum  sustained  resource  produc- 
tivity consistent  with  maintaining  a  high  quality  forest 
environment. 

The  area  of  research  encompasses  Oregon,  Washington, 
Alaska,  and,  in  some  cases,  California,  Hawaii,  the  Western 
States,  and  the  Nation.  Results  of  the  research  will  be  made 
available  promptly.  Project  headquarters  are  at: 


Fairbanks,  Alaska 
Juneau,  Alaska 
Bend,  Oregon 
Corvallis,  Oregon 
La  Grande,  Oregon 


Portland,  Oregon 
Olympia,  Washington 
Seattle,  Washington 
Wenatchee,  Washington 


Mailing  address:     Pacific  Northwest  Forest  and  Range 
Experiment  Station 
P.O.  Box  3141 
Portland,  Oregon  97208 


GPO    990-891 


The  FOREST  SERVICE  of  the  U.  S.  Department  of  Agriculture 
is  dedicated  to  the  principle  of  multiple  use  management  of  the 
Nation's  forest  resources  for  sustained  yields  of  wood,  water, 
forage,  wildlife,  and  recreation.  Through  forestry  research,  co- 
operation with  the  States  and  private  forest  owners,  and  man- 
agement of  the  National  Forests  and  National  Grasslands,  it 
strives  —  as  directed  by  Congress  —  to  provide  increasingly  greater 
service  to  a  growing  Nation. 
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ABSTRACT 

Available  projections  for  Douglas  County  show  that  timber 
harvest  from  private  lands  is  expected  to  decline.     Forest  Service 
and  Bureau  of  Land  Management  timber  harvest  may  change  over 
time  as  priorities  and  funding  change.     Identification  of  the  local 
economic  impact  of  changes  in  timber  harvest  is  necessary  for 
planning  to  adjust  to  projected  impacts.    An  input-output  technique 
was  used  to  estimate  for  each  local  sector  the  impact  of  the  follow- 
ing on  sales:    Change  in   demand  for  forest  products;  change  in 
Forest  Service  or  Bureau  of  Land  Management  appropriations; 
changes  in  private,   Forest  Service,  or  Bureau  of  Land  Manage- 
ment timber  harvest;  and  a  decline  in  private  harvest  offset  by  an 
increase  in  Forest  Service  and  Bureau  of  Land  Management  har- 
vest.   The  model  used  in  the  analysis  can  be  used  to  test  the 
effectiveness  of  new  industries,  or  changes  in  existing  industries, 
in  offsetting  projected  impacts  of  changes  in  timber-oriented 
industries  or  agencies. 

KEYWORDS:     Resources  (forest),  forest  product  industry 
development,  economics  (forest  products 
industries). 
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BACKGROUND 

The  timber  harvest  in  Douglas  County, 
Oregon,  is  projected  to  decline.    A  reduc- 
tion in  private  timber  harvest  within  the 
next  10  to  20  years  can  be  expected  because 
current  harvest  rates  are  based  primarily 
on  old- growth  inventory.     The  total  inven- 
tory of  young  growth  and  old  growth  is 
being  reduced  more  rapidly  than  inventory 
is  being  replaced.     This  trend  is  occurring 
in  the  Douglas-fir  region  as  a  whole  as 
well  as  southwestern  Oregon  and  Douglas 
County. 

A  U.S.   Forest  Service  study  (1969) 
found  that  continuation  of  current  trends  of 
private  log  production  in  western  Oregon 
and  southwestern  Washington  would  lead  to 
a  65-percent  reduction  in  private  harvest 
by  the  year  2000.     The  study  also  found  for 
southwestern  Oregon  that  merchantable 
timber  from  private  industrial  lands  would 
be  exhausted  in  30  to  40  years  if  present 
levels  of  private  cutting  and  timber  manage- 
ment were  continued.    After  that  time, 
only  trees  in  the  lowest  merchantable-size 
class  would  be  available  for  cutting.     We 
would  expect  firms  to  reduce  timber  har- 
vest from  their  own  lands  before  complete 
inventory  depletion  in  order  to  maintain  a 
degree  of  control  over  timber  supply. 

A  study  by  Hamill  (1963)  showed  for 
Douglas  County  that  maintained  harvest 
rates  on  private  lands  in  the  county  would 
rapidly  deplete  inventory  on  these  lands. 
Annual  timber  harvest  on  private  lands 
with  a  "conservative"  rate  of  timber  har- 
vest for  the  period  1960  to  1970  was  pro- 
jected to  be  799.8  million  board  feet, 
Scribner  scale.    Actual  harvest  during 
this  period  averaged  699  million.     Accord- 
ing to  Hamill,   a  conservative  rate  of  tim- 
ber harvest  would  reduce  privately  owned 
sawtimber  inventory  from  19.  2  billion 
board  feet  in  1960  to  10.  8  in  1970  and  7.  3 
in  1980. 


More  recent  projections  for  Douglas 
County  are  not  available.     However,  the 
more  recent  Forest  Service  study  tends 
to  confirm  Hamill' s  conclusion.    A  declin- 
ing timber  harvest  can  be  expected  on 
private  lands  in  Douglas  County.     The  rate 
of  decline  will  depend  on  individual  land- 
owners' decisions  over  the  coming  years. 

A  decline  in  timber  harvest  will 
cause  adjustments  by  firms  in  both  timber 
and  nontimber  industries  in  the  county. 
Information  on  the  impacts  of  changes  in 
timber  harvesting  and  processing  is  neces- 
sary for  firms,  individuals,  and  county 
planning  organizations  to  better  plan  adjust- 
ments and  to  offset  the  consequences  of  a 
declining  timber  harvest. 

A  study  by  Youmans  et  al.   (1973) 
used  an  input-output  model  to  identify 
linkages  between  industries  within  the 
county  and  between  the  county  economy 
and  the  rest  of  the  world.     The  purpose 
of  this  report  is  to  use  this  model  and 
other  background  information  to  identify 
both  the  role  of  timber  in  the  Douglas 
County  economy  and  the  impact  of  changes 
in  timber  harvesting  and  processing  on 
the  Douglas  County  economy. 

THE  SETTING: 

TIMBER  HARVESTING  AND 

PROCESSING  PATTERNS 

IN  DOUGLAS  COUNTY 

The  model  of  the  Douglas  County 
economy  developed  by  Youmans  et  al. 
(1973)  does  not  identify  the  volumes  of 
forest  products  consumed  and  produced 
in  Douglas  County,  nor  the  origins  and 
destinations  of  raw  material  produced 
in  the  area.     The  input-output  model 
measures  flows  of  products  and  raw  mate- 
rials in  terms  of  dollars  rather  than 
volumes.     The  purpose  of  this  section  is 
to  provide  perspective  on  timber  harvest- 
ing and  processing  patterns  in  the  area. 


TIMBER  HARVEST 

Over  the  decade  of  the  1960's,    total 
timber  harvest  in  Douglas  County  increased 
from  about   1  billion  board  feet,    Scribner 
scale,    in  1961  to  well  over  1.  5  billion  by 
the  end  of  the  period  (fig.   1).     There  have 
been  cyclical  fluctuations  in  log  production 
which  are  characteristic  of  the  forest 
products  industry. 

Private  lands  accounted  for  about 
45  percent  of  timber  harvest  in  the  early 
1960's  and  about  50  percent  by  the  end  of 
the  decade.     The  projected  decline  in 
timber  harvest  in  the  county  will  be  on 
private  lands. 

Harvest  on  public  lands  is  limited  by 
administrative  regulations  and  over  the 


next  30  years  should  not  decline  because 
of  reductions  in  inventory  on  these  lands. 
However,  changes  in  harvest  regulation 
policies  or  changes  in  land  use  classifi- 
cation could  lead  to  reductions  in  timber 
harvest  on  public  lands  as  well.      For 
example,   areas  classified  as  wilderness 
would  reduce  the  resource  base  for  tim- 
ber production. 

Any  decline  in  timber  harvest  in 
Douglas  County  will  be  reflected  through 
the  timber  harvesting,  transporting,  and 
processing  industries  which  are  dependent 
on  Douglas  County  timber.     Replacement 
of  the  harvest  reduction  by  imports  from 
other  areas  does  not  appear  likely  because 
the  anticipated  decline  in  private  log 
harvest  is  general  to  all  of  southwestern 
Oregon. 
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Figure  1. — Douglas   County    timber  harvest  by   ownership,    1961-70, 


LOG  FLOWS  IN  THE 
DOUGLAS  COUNTY  AREA 

In  1968,   Douglas  County  produced 
and  sold  in  Oregon  1.4  billion  board  feet, 
Scribner  scale,  of  logs  (Manock  et  al. 
1970).     Export  of  logs  produced  in  Doug- 
las County  to  other  States  is  negligible 
because  of  the  geographic  location  of  the 
county  and  the  transportation  pattern  in 
the  area.     In  1968,    there  were  71.  7 
million  board  feet  of  logs  exported  from 
Coos  Bay,  Oregon,  to  foreign  countries. 
Some  of  these  logs  originated  in  Douglas 
County,  but  in  terms  of  timber  harvest, 
foreign  exports  were  a  minor  portion  of 
the  total.     Even  if  all  the  exports  from 
Coos  Bay  had  originated  in  Douglas  County 
in  1968,  they  would  amount  to  only  4  per- 
cent of  total  timber  harvest.     Industry  in 
the  county  consumed  1  billion  board  feet, 
or  70.  7  percent  of  the  total  county  timber 
harvest,   and  the  remainder  was  exported 
to  nearby  counties.     The  adjacent  counties 
of  Lane  and  Jackson  are  the  major  Oregon 
export  markets  for  logs  produced  in 
Douglas  County: 


Log  volume 

originating  in 

Destination 

Douglas  County 

(Percent) 

Douglas 

70.7 

Lane 

16.8 

Jackson 

7.8 

Coos 

2.4 

Linn 

1.3 

Josephine 

1.0 

A  total  of  1.  1  billion  board  feet  of 
logs  was  consumed  in  Douglas  County  in 
1968,   and  88.  1  percent  came  from  the 
county: 

Log  volume 
consumed  in 
Origin  Douglas  County 

(Percent) 

Douglas  88.  1 

Josephine  4. 3 

Jackson  2. 5 

Lane  1. 9 

Curry  1. 7 

Coos  1. 5 


Total 


100.0 


Total 


100.0 


A  decline  in  timber  harvest  in  Doug- 
las County  would  cause  some  adjustment 
by  the  timber  industries  which  import  or 
export  logs  from  the  area.     If  the  1968 
pattern  holds,   Lane,  Jackson,  and  Jose- 
phine Counties  would  be  the  other  areas 
in  the  State  affected  most  by  a  decline  in 
timber  harvest  in  Douglas  County. 

TIMBER  PROCESSING 

In  1968,  the  forest  products  industry 
which  processed  logs  in  Douglas  County 
consisted  of  the  sawmill,  veneer  and 
plywood,  and  shake  and  shingle  industries. 
The  veneer  and  plywood  industry  accounted 
for  52. 1  percent  of  the  total  volume  of  logs 
consumed;  the  sawmill  industry,  46.  9  per- 
cent; and  the  shake  and  shingle  industry, 
1  percent. 

The  three  pulp  and  particleboard 
mills  in  Douglas  County  in  1968  consumed 
only  mill  residues.    Reductions  in  timber 
harvest  could  affect  their  fiber  supply  by 
a  decrease  in  available  residues. 


Impacts  on  the  timber  harvesting, 
transporting,  and  processing  industries 
caused  by  a  reduction  in  timber  harvest 
will  be  felt  by  other  industries  in  the 
county.     The  input-output  model  of  the 


Douglas  County  economy  provides  a  means 
to  trace  the  impacts  of  changes  in  pur- 
chases of  goods  and  services  and  sales  of 
products  by  forest  products  industries  in 
Douglas  County. 

The  following  section  of  this  report 
presents  background  information  on  using 
an  input-output  model  and  on  the  forest 
products  industries  in  the  Douglas  County 
model. 

THE  TIMBER  SECTORS 
IN  THE  DOUGLAS  COUNTY 
INPUT-OUTPUT  MODEL 

INTERPRETING  DATA 
FROM  THE  STUDY 

Three  tables  from  the  study  by 
Youmans  et  al.   (1973)  provide  the  neces- 
sary information  to  evaluate  economic 
flows  in  the  county.    Table  1  shows  the 
transactions  which  occurred  between 
industries  in  Douglas  County  in  1970  and 
between  each  industry  in  the  county  and 
the  following:    Imports,  exports,  State 
and  Federal  Government,  and  deprecia- 
tion and  inventory  depletion  accounts. 


recirculated  within  the  economy  in  the 
same  manner  that  a  payment  from  an 
internal  sector  to  an  internal  sector 
would  be. 

Each  column  shows  the  amounts  of 
expenditure  by  the  industry  to  each  of 
the  other  industries  in  the  county  and  to 
external  sectors.     For  example,  the  table 
shows  that  in  1970,  sector  2,   sawmills, 
spent  a  total  of  $42,  765,  593.     Of  this 
total,   $14,043,477  was  used  to  purchase 
goods  and  services  from  the  timber 
harvesting  and  hauling  industry. 

Each  row  of  table  1  shows  the 
sales  of  any  one  sector  to  each  of  the 
other  sectors  in  the  model.     For  example, 
row  2  of  table  1  shows  that  the  sawmill 
industry  had  total  sales  receipts  of 
$42,765,593  which  were  equal  to  total 
expenditures.    In  this  input-output  model, 
receipts  must  equal  expenditures  for 
each  industry  in  the  county.     The  sawmill 
industry  did  not  sell  anything  to  the 
timber  harvesting  and  hauling  sector 
and  sold  $150,000  of  goods  and  services 
to  other  firms  in  the  sawmill  sector. 


Industries,  also  known  as  sectors, 
1  through  32  are  considered  to  be  inside 
the  county  (internal  sectors)  and  sectors 
33,  34,  and  35  are  considered  to  be  out- 
side the  county  (external  sectors).     The 
general  criterion  was  that  for  a  sector  to 
be  internal,  firms  or  organizations  in 
the  sector  have  decisionmaking  units 
located  in  Douglas  County  and  make  deci- 
sions which  apply  directly  to  the  Douglas 
County  economy.     For  example,  the  City 
of  Roseburg  is  an  internal  sector,  but 
State  and  Federal  Government  is  an 
external  sector.     The  distinction  between 
internal  and  external  sectors  is  important 
in  an  input-output  model  because  payments 
from  internal  to  external  sectors  are 
considered  "leakages"  to  the  economy. 
These  leakages  (expenditures)  are  not 


Table  2  is  based  on  table  1.    The 
table  is  interpreted  by  leading  down  each 
column.     Each  entry  in  each  column  of 
the  internal  sectors  was  divided  by  the 
corresponding  total  expenditures  of  each 
column.     Each  column  in  table  2  adds  to 
a  total  of  1  and  shows  in  a  sense  how 
each  industry  spends  an  "average"  dollar 
of  expenditures.     For  example,  per 
dollar  of  expenditure,  the  sawmill  in- 
dustry spent  32.  8  cents  for  goods  and 
services  from  the  timber  harvesting  and 
hauling  industry.     The  input-output  model 
assumes  that  if  the  sales  of  the  sawmill 
industry  were  to  increase,  firms  in  this 
industry  would  increase  their  purchases 
from  the  timber  harvesting  and  hauling 
sector  by  32.  8  cents  for  each  dollar  of 
sales  increase. 
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42 
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20 
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30 
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54,548 

112,213 

68,545 
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,033 

94 

,448 
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91 

,240 

335,384 

585,281 
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26 

,819 

20 
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51 

,165 
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31,963 
36,473 

29,711 
69,049 


18,498 
1,857 

140 

140 

3,643 

15,360 
3,345 
3,407 
4,143 

36,346 


5,742,014  2,152,841  5,096,935  12,691,863  7,175,451 

0  0  0  0  0 

2,002,717  20,414,522  10,405,963  54,906,805  17,784,646 

1,381,224  646,899  792,533  2,346,744  679,971 


541,910 


521,565        1,053,938       1,623,092 


683,002 
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Sector  number  and  sector 


(3) 


(4) 


(5) 


(6) 


Timber  harvesting  and  hauling 
Sawmi 1  Is 

Plywood  and  veneer  mills 
Pulp,  paper,  particleboard 

plants 
Commercial  fishing 

Horticul ture 

Livestock 

Manufacturing 

Lodging 

Cafes  and  taverns 

Service  stations 
Automotive  sales  and  service 
Communications  and 
transportation 
Professional  services 
Financial  services 

Construction 

Retail  and  wholesale  trade 

Retail  services  and 

organizations 
U.S.  Forest  Service  sales 
U.S.  Forest  Service 


0.02392  0.32838 
0  .00351 
0        .00633 


01970 


00091 


.02523 
.09808 

.03390 
.00472 
.04230 

.00295 
.03035 

.01069 
.01019 


.00420 
.01301 

.01497 
.00084 
.12681 

.00179 
.04487 

.00220 
.03830 


0.04713 
0 
.00699 

0 

') 

0 
0 
0 

0 

0 

(1/) 

.00208 

.00497 
.00023 
.01772 

.02505 

.01948 


0.00641  0 

.00573  0 

0  0 

0  0 
0 


0 


(1/) 

00050 


00121 

00082 
00398 


00413  .00957 
00074  .00136 
00124  0 


.00787 
.02750 


00179 
22322 


Households 
Visitors 
Imports 

State  and  Federal  government 
Depreciation  and  inventory 
depletion 


.0007 


0 


0 


01176  0 


0065 


.1924 
.0034 

.0872 
.0006 
.2144 

.0133 
.2453 


.00104   .00097   .08393   .1029 
.06434  0       0       0 


appropriations 
Bureau  of  Land  Management  sales 
Bureau  of  Land  Management 

aopropriations 

0 
.05607 

0 

0 

0 

.08493 

0 

0 
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0 

0 

.00024 

0 
0 

0 

0 

0 

0 
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Law  enforcement 
County  roads 
Social  services 
Administration 

.00623 
.00001 
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.00019 
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.00004 
.00070 
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.00014 
.00535 
.00010 
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.00023 
.01731 
.00010 
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00001 
00001 
00001 
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.0013 
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Ci  ty  of  Roseburg 
Ci  ty  of  Sutherl  in 
Ci  ty  of  Myrtle  Cree 
Ci  ty  of  Reedsport 
Other  incorporated 

k 

cities 

.00013 
.00002 
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0 

0 
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0 
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.21030  .00030  .36934  .77565  .22164  .0269 

.04262  .03578  .04566  .00330  .01575  .0038 


07847 


04449 


01857 
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1/ 


Does  not  add  up  to  0.00001  due  to  rounding 


Table  2.— Direct  coefficient  matrix  showing  1970  pr 
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I        .14392   .17587   .12408   .29802   .12460   .11235   .26510   .49909   .08504   .2071 

0000000000 
1   .02872   .60162   .00534   .30109   .73264   .79530   .43055   .17408   .80642   .4228 
3   .01465   .05730   .02312   .04546   .01686   .01211   .09283   .12006   .02555   .0322 


In  table  2,  the  entries  in  each  col- 
umn are  a  measure  of  the  direct  economic 
impact  of  each  industry  on  other  industries 
in  the  county.     However,  the  increased 
purchases  of  sawmills  from  timber  har- 
vesting and  hauling  cause  this  latter  in- 
dustry to  increase  its  purchases,  includ- 
ing purchases  from  industries  who  buy 
from  sawmills.     In  this  manner,  the  total 
impact  of  the  sawmill  industry  will  be 
more  than  the  initial  direct  impact.     The 
total  impact  on  the  economy  will  be  more 
than  the  sum  of  the  direct  impacts  for  all 
the  industries.     These  total  impacts  are 
referred  to  as  the  direct  and  indirect 
impacts. 

Table  3  is  based  on  table  2.     The 
various  columns  show  for  each  industry 
the  direct  and  indirect  impact  per  dollar 
of  sales  outside  the  county.     For  example, 
for  each  dollar  of  sales  to  final  demand 
the  direct  and  indirect  impact  of  the  saw- 
mill sector  on  the  timber  harvesting  and 
hauling  industry  is  $0.  345  (column  2, 
row  1).    This  consists  of  the  direct  im- 
pact of  $0.  328  plus  the  indirect  impact  of 
$0.  017.     The  direct  and  indirect  impacts 
of  a  $1  change  in  sawmill  sales  outside 
the  county  on  all  the  internal  sectors  in 
the  economy  sum  to  $3.  09.     This  consists 
of  the  direct  impact  of  $1.  00  plus  the 
indirect  impact  of  $2.09.     The  importance 
of  sales  outside  the  county  in  interpreting 
impacts  derived  through  input-output 
analyses  will  be  discussed  later. 

THE  TIMBER  SECTORS 

In  the  Douglas  County  input-output 
model,  four  sectors  were  delineated  to 
indicate  timber  processing.     In  the  follow- 
ing sections  of  the  report,   a  number  follow- 
ing the  name  of  an  industry  indicates  the 
industry's  sector  number.     For  example, 
the  timber  harvesting  and  hauling  industry 
(1)  is  synonymous  with  sector  1.     Firms 
which  process  logs  or  wood  fiber  were 


classified  as  being  in  sectors  2,  3,  or  4, 
depending  on  whether  the  largest  portion 
of  each  firm's  sales  came  from  the  sale 
of  sawmill  lumber  and  products  (2),  ply- 
wood and  veneer  products  (3),  or  pulp, 
paper  or  particleboard  products  (4).    The 
products  or  services  provided  by  firms  in 
other  industries  are  listed  in  appendix  A. 

In  addition  to  firms  in  sectors  1 
through  4,  the  Forest  Service  (19  and  19a), 
and  the  Bureau  of  Land  Management  (20 
and  20a)  have  an  impact  on  the  forest 
industry  in  Douglas  County  because  they 
sell  stumpage.     Sectors  19  and  20  show 
the  sales  activities  of  these  agencies, 
and  sectors  19a  and  20a  show  the  expendi- 
tures made  with  appropriated  funds. 
Stumpage  also  comes  from  sources  other 
than  the  two  Federal  agencies.     Some 
firms  in  sectors  1,  2,  3,  and  4  own  forest 
land  and  sell  stumpage  or  process  the 
timber  in  their  own  operations.     Some 
individuals  in  households  (31)  own  forest 
land  and  sell  stumpage.     Logs  are  also 
imported  from  firms  or  agencies  located 
outside  the  county. 

A  firm,  organization,  or  household 
was  considered  to  be  inside  the  Douglas 
County  economy  if  the  decisionmaking 
unit  was  located  in  the  county.    Although 
portions  of  several  National  Forests  are 
located  in  Douglas   County,    only  the 
Umpqua  and  Siuslaw  National   Forests 
had  Ranger  Districts  headquartered 
within  the  county  borders   in   1970. 
For  the  purposes  of  this  study,  the  U.  S. 
Forest  Service  (19  and  19a)  is  consid- 
ered to  be  the  Umpqua  National  Forest 
and  the  Smith  River  District  of  the 
Siuslaw  National  Forest.    Similarly, 
only  the  Roseburg  District  of  the  Bureau 
of  Land  Management  is  included  in 
sectors  20  and  20a,  even  though  some 
lands  administered  by  the  Coos  Bay 
and  Medford  Districts  are  located  in 
Douglas  County. 


Our  input-output  model  of  the  Doug- 
las County  economy  does  not  identify 
sources  of  logs  or  stumpage  consumed 
in  the  county.     Firms  and  individuals  in 
sectors  1,  2,  3,  4,  and  31,  the  U.S.  For- 
est Service  (19  and  19a),  the  Bureau  of 
Land  Management  (20  and  20a),  and  firms 
and  agencies  located  outside  the  county 
but  selling  products  in  Douglas  County 
carry  on  activities  other  than  just  timber 
management  and  stumpage  and  log  sales. 
Because  of  this,  we  cannot  specifically 
identify  the  flow  of  dollars  caused  by  tim- 
ber sales  and  processing  within  the  county. 
However,  sectors  1  through  4  and  19 
through  20a  are  heavily  dependent  on  tim- 
ber, and  major  changes  in  these  sectors 
will  be  due  to  changes  in  the  timber  situa- 
tion in  Douglas  County. 

EVALUATING  AN  INDUSTRY'S 
ECONOMIC  IMPACT 

IMPACTS  ATTRIBUTABLE 
TO  CHANGES  IN  DEMAND 

In  the  input-output  model,  exports 
from  an  economy  form  the  basis  for  sus- 
taining economic  activity  within  the  area. 
This  "new  money"  starts  in  motion  a  chain 
of  interindustry  sales,  sustains  employ- 
ment, and  is  the  basis  for  support  of  the 
local  service  industry.     In  the  input-output 
terminology,  exports  and  other  sources 
of  money  from  outside  the  county  are 
termed  the  final  demand  component  for  a 
sector.    The  input-output  model  attributes 
sales  activity  in  the  county  to  those  in- 
dustries which  have  sales  to  final  demand. 
The  need  for  sales  outside  the  county 
arises  because  the  county  is  not  self- 
sufficient.     Industries  and  people  in 
Douglas  County  purchase  such  imports 
as  machinery  and  food  products  to  process 
county  resources  and  provide  services 
to  residents  of  the  county.     Douglas  County 
must  export  goods  and  services  to  other 
areas  in  order  to  pay  for  these  imports. 


In  our  model  of  the  Douglas  County 
economy,  final  demand  for  each  sector 
is  equal  to  the  sum  of  sales  to  exports, 
State  and  Federal  Government,  and  inven- 
tory accumulations.     Table  4  shows  final 
demand  for  each  internal  sector.     Within 
the  model,  sectors  which  have  relatively 
little  sales  volume  to  final  demand  are 
dependent  on  other  industries  which 
have  relatively  more  sales  to  final  de- 
mand.    For  example,  the  fisheries 
industry  (5)  has  no  sales  of  unprocessed 
fish  to  final  demand  and  the  model  would 
not  attribute  to  the  fisheries  sector  any 
dependency  of  sales  in  other  sectors. 
According  to  the  model  all  employment 
and  sales  in  the  fisheries  industry  are 
dependent  on  other  industries  in  the 
county  which  do  have  sales  to  final  de- 
mand.    The  fish  caught  by  firms  and 
individuals  in  the  fishing  industry  are 
processed  by  canneries  in  the  county, 
and  the  canneries  sell  the  processed 
fish  products.     However,  resources  pro- 
vide the  basis  for  an  area's  comparative 
advantage,  which  in  turn  provides  the 
basis  for  sales  to  the  final  demand  sector. 
Understanding  this  characteristic  of  the 
input-output  model  is  necessary  to  use 
the  model  for  evaluating  economic  im- 
pacts of  changes  in  final  demand. 

The  link  between  final  demand  and 
an  area's  economic  base  has  been  termed 
a  "backward"  linkage  (Archer  et  al.   1970). 

IMPACTS  ATTRIBUTABLE 
TO  RESOURCE  AVAILABILITY 

The  input-output  model  assumes 
that  resources  in  an  area  are  available, 
enabling  industries  to  respond  to  changes 
in  final  demand.     If  a  resource  consumed 
by  an  industry  in  an  area  becomes  scarce, 
the  lack  of  resource  availability  could 
constrain  the  processing  industry's  pro- 
duction.    For  example,  lack  of  sufficient 
timber  supplies  could  reduce  the  output 
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Sector  number  and  sector 


(1) 


(2) 


o: 


(4) 


(6) 


Timber  harvesting  and  hauling 
Sawmi 1 1 s 

Plywood  and  veneer  mills 
Pulp,  paper,  particleboard 


1.02854  0.34525  0.05452  0.00891  0.00091  0.001 
.00444  1.01134   .00649   .00646   .00164 
.01033   .02635  1.02542   .00116   .00319   .001 


pi  ants 

(2/) 

(2/) 

(2/) 

1.00000 

(2/) 

(2/ 

Commercial  fishing 

.00275 

.00185 

.00113 

.00051 

1.01394 

.001 

Horticulture 

.00054 

.00062 

.00052 

.00023 

.00083 

1.000 

Livestock 

.00129 

.00242 

.00104 

.00045 

.00213 

.009 

Manufacturing 

.03214 

.02075 

.01215 

.00554 

.02212 

.016' 

Lodging 

.00418 

.00465 

.00403 

.00169 

.00544 

.0021 

Cafes  and  taverns 

.02261 

.02523 

.02196 

.00916 

.03091 

.014. 

Service  stations 

.06289 

.05356 

.03670 

.01509 

.04772 

.223; 

Automotive  sales  and  service 

.19981 

.15608 

.10124 

.04149 

.12926 

.074 

Communications  and 

transportation 

.08038 

.07805 

.04895 

.02274 

.07146 

.129; 

Professional  services 

.03344 

.03440 

.02805 

.01234 

.03889 

.0201 

Financial  services 

.07325 

.17489 

.04736 

.01351 

.03693 

.2411 

Construction 

.03829 

.04794 

.06014 

.02756 

.03494 

.038! 

Retail  and  wholesale  trade 

.22218 

.27052 

.20686 

.10653 

.48155 

.382! 

Retail  services  and 

organizations 

.06110 

.06229 

.04850 

.02106 

.14807 

.ho; 

U.S.  Forest  Service  sales 

.01148 

.04414 

.06695 

.00048 

.00050 

.ooo; 

U.S.  Forest  Service 

appropriations 
Bureau  of  Land  Management  sales 
Bureau  of  Land  Management 

appropri  ations 

Education 
Law  enforcement 
County  roads 
Social  services 
Administration 

City  of  Roseburg 

Ci  tv  of  Sutherl in 

Ci  ty  of  Myrtle   Creek 

City  of  Reedsport 

Other  incorporated   cities 

Households 
Visi  tors 

Total 


0  0 

.05879        .10710 


0 


07405 


0 


00138       .00046       .000' 


.03686 

.05212 

.05051 

.02656 

.03423 

.021/ 

.00125 

.00158 

.00133 

.00073 

.00164 

.0001 

.01943 

.02708 

.01160 

.01777 

.00055 

.ooo: 

.00059 

.00067 

.00065 

.00034 

.00075 

.000^ 

.00117 

.00146 

.00081 

.00102 

.00192 

.  ooo: 

.00377 

.00477 

.00528 

.00336 

.00500 

.0037 

.00091 

.00113 

.00114 

.00063 

.00120 

.000£ 

.00098 

.00114 

.00117 

.00061 

.00124 

.000£ 

.00075 

.00092 

.00090 

.00051 

.00103 

.0006 

.00108 

.00160 

.00146 

.00084 

.00156 

.0011 

.47833 

.53360 

.46469 

.19349 

.62857 

.304C 

0 

0 

0 

0 

0 

0 

2.49352     3.09350     2.38560     1.54218     2.74858     2.6363 


1/ 
2/ 


For  "backward  linkages"  only. 

Does  not  add  up  to  0.00001  due  to  rounding, 


Table  3.— Direct  and  indirect  business  coefficients  matrix  showing  change  in 


(7) 


(8) 


(9: 


(10)  (11 


(12)  (13) 


(14)  (15)  (1; 


DO  0.00115  0.00156  0.00101  0.00091  0.00030  0.00048  0.00058  0.00103  0.00115  0.004! 
29   .00238   .00407   .00202   .00182   .00055   .00045   .00107   .00187   .00273   .011 
74   .00274   .00157   .00242   .00242   .00090   .00078   .00184   .00337   .00070   .0021 


(2/) 
.00184 

.00514 
.09885 
.02014 
.00332 
.01809 


.00009 
.08187 

.00038 
.00579 
1 .01300 
.00362 
.01456 


(1/) 

.00159 

.00049 
.00303 
.01791 
1.00333 
.01814 


(2/) 
.00491 

.00060 
.00160 
.05855 
.00425 
1.02407 


(2/) 
.00076 

.00021 
.00092 
.00864 
.00165 
.00902 


(2/) 
.00035 

.00018 
.00046 
.00367 
.00143 
.00782 


.00001 
.00083 

.00042 
.00085 
.00878 
.00338 
.01845 


(2/) 
.00199 

.00079 
.00190 
.02191 
.00617 
.03368 


(2/) 

.00030 

.00017 
.00140 
.00323 
.00117 
.00636 


.000 
.000 

.0001 
.000; 
.009J 
.003' 
.017 


03407   .02290   .03059   .03750  1.05093   .01515   .02898   .05283   .01073   .056 
08632   .06621   .08589   .10348   .06598  1.04930   .09902   .14458   .02827   .1261 


05777 
03495 
24097 


.03438 
.01870 
.03325 


.16260 
.03078 
.26336 


,08847 

03650 

,08148 


.03098 
.01313 
.03374 


.02943 
.01081 
.02131 


1.04776 
.02396 
.02549 


.08191 

1.05952 

.07306 


.02302 

.00927 

1.01215 


051 

024 
038 


04261        .01950       .06319        .06105        .01241        .00961        .02310        .04392        .03516     1.163 
47533        .16636        .24789        .30545        .08180        .06606        .15814        .30543       .06018       .192 


16228 
00470 


04312 
00040 


30094 
00464 


.07799 
.00041 


02512 
,00015 


02999 
00013 


04314 
00030 


.11723 
.00055 


02698 
00022 


052 
000 


00000000 
[0       .00116       .00057        .00044        .00042        .00014        .00013       .00028        .00051 


0       0 
.00036   .001 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


02930 
00110 
00067 
00054 
00049 


02045 
00095 
00040 
00041 
00052 


03008 
00156 
00067 
00118 
00054 


02766 
00148 
00047 
00094 
00053 


.00999 
.00059 
.00017 
.00022 
.00018 


00916 
00043 
00015 
,00020 
00016 


04555 
00126 
00059 
,00073 
00062 


03754 

00282 

,00063 

00084 

,00098 


.00750 
.00036 
.00019 
.00016 
.00015 


.020 
.000 
.000 
.000 
.000. 


00481 
00099 
00100 
00083 
00148 


.00331 
.00069 
.00085 
.00056 
.00108 


00676 
00246 
00310 
00177 
,00633 


,00504 
,00159 
,00158 
,00122 
00344 


,00181 
00058 
,00064 
,00043 
,00049 


00141 
,00039 
,00038 
00030 
00039 


.00842 
.00143 
.00141 
.00117 
.00193 


00587 

.00132 

.00151 

.00140 

00159 


00113 
00026 

,00026 
00022 

,00033 


.003 
.000 
.000 
.000 
.000 


2       .38306        .30655        .38405        .48689        .19091        .16554       .39067        .71314        .13464        .362, 
0000000000^ 


2     2.71810     1.86766     2.67875     2.42265     1.54333     1.42605     1.94016      2.71 


1.36878     2.152 


Table  4. -Final  demand,  by  sector 


Sector 


Final  demand 


Dollars 


Percent 


1 
2 

3 

5 

6 

7 

8 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
19a 
20 
20a 
21 
22 
23 
24 
25 
26 
27 
2S 
29 
30 
31 
32 


19,416,284 

40,510,209 

124,930,481 

39,800,000 

0 

3,118,251 

4,216,142 

40,639,817 

992,275 

22,753 

213,553 

2,675,617 

5,654,704 

722,491 

2,814,981 

4,436,769 

4,196,844 

5,214,399 

6,126,545 

8,658,788 

1,880,770 

1,530,840 

4,384,316 

1,203,633 

2,476,969 

1,240,617 

1,536,502 

95,442 

297,165 

135,000 

250,482 

29,692 

10,333,988 

18,851,170 


5.4 
11.3 
34.8 
11.1 

.9 

1.2 

11.3 

.3 

(1/) 

.1 

.8 

1.6 

.2 

.8 

1.2 

1.2 

1.5 

1.7 

2.4 

.5 

.4 

1.2 

.3 

.7 

.3 

.4 

(1/) 

.1 

(1/) 

.1 

(1/) 

2.9 

5.3 


Total 


358,607,489 


100.0 


1/ 


Less  than  0.1  percent. 
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of  timber  processing  industries  in  Douglas 
County  even  if  the  demand  for  the  indus- 
tries' forest  products  does  not  decline. 

The  multipliers  in  table  3  do  not 
show  the  potential  effect  of  this  "forward" 
linkage  from  the  resource  industries  to 
the  processing  industries.     For  example, 
the  multiplier  for  the  U.  S.   Forest  Service 
sales  sector  (19)  in  table  3  is  1.9.     This 
multiplier  times  the  final  demand  of 
$6, 126,545  for  sector  19  indicates  that 
$11,640,435  of  the  county's  sales  are 
directly  and  indirectly  dependent  on 
sector  19.     Per  dollar  change  in  final 
demand,  county  sales  would  change  by 
$1.  90  including  the  dollar  change  in  final 
demand.     However,  this  tells  us  only  the 
impact  of  a  change  in  Forest  Service 
exports  and  not  the  impact  on  the  county 
of  a  change  in  Forest  Service  sales  to 
firms  in  the  county. 

In  order  to  evaluate  the  impact  of  a 
forward  linkage,  the  structure  of  the  sale 
and  purchase  patterns  of  one  or  more 
county  industries  must  be  altered.    In  our 
study,    we  evaluated  the  impact  of  back- 
ward linkages  (changes  in  final  demand) 
for  sectors  1,  2,  3,  4,  and  Forest  Serv- 
ice (19a)  and  Bureau  of  Land  Management 
(20a)  appropriated  funds  sectors.     We 
also  evaluated  forward  linkages  (raw 
material  constraints)  for  sectors  1,  2, 
3,  and  4  combined  and  for  the  Forest 
Service  sales  (19)  and  Bureau  of  Land 
Management  sales  (20).     Our  procedure 
for  evaluating  forward  linkages  is 
described  in  appendix  B. 

TIMBER  DEPENDENCY 
IN  DOUGLAS  COUNTY 

Each  of  the  other  industries  in 
Douglas  County  is  more  or  less  dependent 
on  the  forest-oriented  sectors  (1,  2,  3,  4, 
19,    19a,   20,   and  20a)  according  to  linkages 


in  economic  activity  within  the  region.     If 
we  use  as  a  measure  of  dependency  the 
percentage  of  an  industry's  sales  which 
are  directly  and  indirectly  dependent  on 
the  final  demand  for  the  eight  forest- 
oriented  sectors,  timber  dependency  can 
be  calculated  with  the  information  from 
the  input- output  model.     Table  5  was 
derived  by  multiplying  the  column  of 
direct  and  indirect  multipliers  from 
table  3  for  each  forest-oriented  sector 
by  the  corresponding  final  demand  for 
each  forest-oriented  sector  and  summing 
for  the  eight  sectors. 

Aside  from  the  forest-oriented 
sectors,  which  are  for  the  most  part 
100-percent  dependent  on  sales  outside 
the  county,  dependency  ranges  from  0  for 
the  visitors  sector  (32)  to  67.  3  percent 
for  the  household  sector  (31). 

The  county  economy  as  a  whole  is 
68.  7-percent  dependent  on  the  eight 
forest-oriented  sectors.    This  finding 
contrasts  with  a  study  by  Maki  and 
Schweitzer  (1973)  which  found  that  98 
percent  of  the  export-based  employment 
in  Douglas  County  was  timber-dependent 
in  1971.     The  difference  in  study  findings 
can  be  attributed  to  differences  in  study 
methods  and  data  bases.     The  Maki- 
Schweitzer  study  accepted  the  national 
percentage  distribution  of  employment 
among  industries  as  a  norm.     For  the 
Douglas  County  economy,  an  industry 
with  employment  in  excess  of  this  norm 
was  considered  to  be  producing  for  export 
markets  and  therefore  to  be  part  of  the 
economic  base.     The  input-output  study 
estimated  directly  the  economic  base  of 
the  county  as  measured  by  dollars  of 
final  demand  and  economic  linkages 
in  the  county.     Both  studies  show  that 
timber  and  related  industries   account 
for  the  major  portion  of  the  export 
base  for  the  Douglas  County  economy. 
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Table  5. Sector  dependency  on  forest-oriented  sectors 


Sector 

Total  sales 

Percent  dependent 

-  -  -  dollars  -   -    - 

1 

M, 718, 901 

99.6 

2 

42,765,593 

99.2 

3 

130,695,995 

99-8 

4 

39,804,000 

100 

5 

4,032,868 

8 

6 

3,338,196 

3-6 

7 

5,443,332 

5-4 

8 

46,158,676 

7-5 

9 

3,741,989 

24.8 

10 

8,865,123 

56.7 

11 

19,284,496 

49 

12 

43,189,202 

61.6 

13 

25,040,425 

50.9 

14 

11,504,858 

58.8 

15 

25,315,089 

61.6 

16 

24,610,324 

55.6 

17 

83,021,250 

59-7 

18 

28,311,802 

41.2 

19 

16,698,149 

99-3 

19a 

8,658,788 

100 

20 

16,854,785 

99-6 

20a 

1,530,840 

100 

21 

19,180,869 

60.6 

22 

1,662,707 

18.6 

23 

6,572,769 

60.5 

24 

1,452,091 

10 

25 

1,841,054 

12.7 

26 

1,728,002 

65-4 

27 

662,178 

37.6 

23 

514,700 

49.3 

29 

545,583 

36.5 

30 

526,252 

61.3 

31 

158,105,085 

67.3 

32 

18,851,170 

0 

Total  or 

842,227,141 

68.7 

average 

THE  IMPORTANCE  OF 
LOCAL  PURCHASES 

An  industry's  impact  on  the  local 
area  will  tend  to  be  less  to  the  extent  that 
the  industry  does  not  purchase  inputs  from 
the  local  area.     For  example,  the  pulp, 
paper,  and  particleboard  industry  (4)  sells 
almost  all  of  its  output  to  final  demand, 
but  0.  78  of  each  dollar  spent  goes  for  im- 
ports.    Sector  4  thus  has  a  relatively  low 
output  multiplier  of  1.54  for  each  dollar 


of  sales  to  final  demand  (table  3). 

Local  purchases  generate  interactions 
within  the  local  economy  while  imports  are 
"leakages"  to  the  local  economy.     In  terms 
of  an  industry's  importance  to  a  local 
economy,  these  leakages  will  be  offset  to 
the  extent  that  the  industry  has  a  high 
volume  of  sales  or  purchases  input  from 
sectors  that  have  high  multipliers. 

The  information  developed  in  this 
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section  of  the  report  will  be  used  to  dis- 
cuss the  impacts  of  changes  in  demand 
and  changes  in  timber  availability  for  the 
forest-oriented  sectors  in  the  Douglas 
County  model. 

U.S.  FOREST  SERVICE 
AND  BUREAU  OF  LAND 
MANAGEMENT  SALES  AND 
EXPENDITURES    PATTERNS 

The  Forest  Service  and  Bureau  of 
Land  Management  sales  and  expenditures 
patterns  have  some  unique  characteristics 
which  differ  from  privately  owned  opera- 
tions.    The  purpose  of  this  section  is  to 
describe  these  patterns  in  order  to  pro- 
vide background  information  for  subse- 
quent discussions  of  the  impact  of  changes 
in  demand  and  resource  availability  for 
these  two  agencies. 

Timber  management  activities 
carried  on  by  the  Bureau  of  Land  Manage- 
ment and  the  U.  S.   Forest  Service  differ 
from  forest  industry's  in  the  sense  that 
there  is  no  direct  link  between  timber 
sales  and  management  activity;  funds  are 
appropriated  for  management  independent 
of  timber  sales  levels.     While  there  is  a 
link  between  sales  and  appropriations  in 
the  sense  that  sales  preparation  depends 
on  appropriated  funds,  expenditures  from 
the  sales  sectors  (19  and  20)     and  appro- 
priated funds  sectors  (19a  and  20a)  were 
separated  in  our  analysis.     The  input- 
output  model  assumes  for  each  industry 
that  payments  by  each  sector  to  all  other 
sectors  remain  a  constant  proportion  of 
the  sales  dollar.     If  we  had  aggregated 
the  sales  and  appropriated  funds  sectors, 
anomalies  such  as  an  increase  in  appro- 
priated funds  increasing  payments  to 
counties  and  an  increase  in  sales  increas- 
ing timber  management  activities  would 
have  occurred.     More  realistically,   an 
increase  in  sales  is  necessary  to  increase 
payments  to  counties,  and  an  increase  in 


appropriated  funds  is  necessary  to  increase 
forest  management  expenditures. 

SALES  SECTORS 

Rows  19  and  20  in  table  1  show  the 
pattern  of  sales  for  the  sales  sectors  of 
the  U.  S.   Forest  Service  and  Bureau  of 
Land  Management,  respectively.     For 
both  agencies,   almost  all  of  the  sales  were 
to  firms  in  sectors  1,  2,  and  3  within 
Douglas  County  and  to  firms  which  were 
located  outside  the  county  but  purchased 
timber  from  the  two  agencies  in  the  county. 
The  latter  sales  show  as  exports. 

Columns  19  and  20  in  table  1  show 
the  pattern  of  expenditures  for  the  sales 
sectors  of  the  U.  S.   Forest  Service  and 
Bureau  of  Land  Management,   respectively. 
For  both  agencies,  expenditures  were 
limited  to  sectors  1,  2,  3,  and  imports 
(33)  for  purchaser-built  roads;   sectors 
21  and  23  for  schools  and  roads;   and 
State  and  Federal  Government  (34). 

The  Forest  Service  and  Bureau  of 
Land  Management  pay  for  purchaser-built 
roads  through  stumpage  allowances.     In 
other  words,  the  purchaser  pays  for  the 
timber  as  if  the  roads  were  in  place  and, 
by  reducing  the  cost  of  the  timber  to  the 
purchaser,  the  Forest  Service  or  Bureau 
of    Land  Management  pays  the  purchaser 
for  building  the  roads.    Although  no  money 
actually  changes  hands  for  purchaser-built 
roads,  in  terms  of  values  created  and 
economic  activity  generated,  the  pur- 
chaser pays  the  Forest  Service  or  BLM 
and  the  agency  in  turn  reimburses  the 
purchaser.     In  our  study,  the  value  of 
the  purchaser-built  roads  shows  as  an 
expenditure  for  the  purchaser  (a  receipt 
for  the  agency)  and  as  an  expenditure  for 
the  agency  (a  receipt  for  the  purchaser). 
It  was  necessary  to  show  purchaser-built 
roads  in  this  manner  to  show  the  link  between 
timber  sales  and  road  construction. 


If. 


Total  payments  to  sectors  21  and  23 
are  set  by  payment  formulas  for  each 
agency.     For  each  Forest,  25  percent  of 
the  total  receipts  of  the  Forest  are  ear- 
marked for  payments  to  counties.     These 
receipts  do  not  include  the  value  of    pur- 
chaser-built roads  and  funds  collected  to 
improve  the  timber  sale  area  after  harvest. 
Each  county  then  receives  the  proportion 
of  this  fund  corresponding  to  the  acreage 
of  the  Forest  in  the  county.     In  our  study, 
only  payments  from  the  Umpqua  National 
Forest  and  the  Smith  River  District  of 
the  Siuslaw  National  Forest  were  attrib- 
uted to  the  Forest  Service  in  Douglas  County. 
Payments  to  Douglas  County  from  adjacent 
National  Forests  which  have  land  in  Doug- 
las County  are  included  as  payments  to  the 
county  from  the  State  and  Federal  Govern- 
ment sector. 

The  Bureau  of  Land  Management 
lands  in  Douglas  County  are  "O&C"  lands. 
These  lands  were  revested  by  the  Federal 
Government  from  the  Oregon  and  Califor- 
nia Railroad  Company  in  the  early  1900's. 
In  1970,  counties  received  50  percent  of 
the  receipts  from  O&C  lands  in  the  State 
of  Oregon.    Since  the  1950's,  they  have 
forgone  25  percent  of  O&C  receipts  which 
are  used  to  manage  O&C  lands.    The  O&C 
receipts  used  as  a  basis  for  payment  do 
not  include  the  value  of  purchaser-built 
roads.    Payments  are  distributed  to 
counties  on  a  proportional  basis  accord- 
ing to  the  assessed  value  of  O&C  lands 
in  each  county  in  1915.     Douglas  County 
receives  approximately  25  percent  of  the 
O&C  payments  to  counties  each  year. 
Since  the  counties  receive  50  percent  of 
O&C  revenues,  this  means  that  Douglas 
County  receives  12.  5  percent  of  total 
O&C  receipts  generated  in  the  State. 
Therefore,  only  12.5  percent  of  the 
receipts  generated  on  O&C  lands  managed 
by  the  Roseburg  District  was  attributed 
to  the  Bureau  of  Land  Management  in 
Douglas  County.     Payments  from  all  other 


Districts  to  Douglas  County  were  included 
as  a  payment  from  the  State  and  Federal 
Government  (34)  to  the  county  for  schools 
and  roads. 

The  Umpqua  National  Forest  manages 
some  O&C  lands  intermingled  with  National 
Forest  lands.     Douglas  County  receives 
payments  from  these  lands  according  to 
the  O&C  payment  formula.     Payments  to 
Douglas  County  from  these  "controverted" 
lands  managed  by  the  Forest  Service  were 
attributed  to  the  Forest  Service  rather 
than  the  Bureau  of  Land  Management. 

Total  payments  to  Douglas  County 
from  the  Forest  Service  and  the  Bureau 
of  Land  Management  were  allocated  to 
sectors  21  and  23  on  the  basis  of  the  pro- 
portion of  county  expenditures  for  these 
two  purposes  in  1970. 

All  receipts  collected  by  the  Forest 
Service  or  Bureau  of  Land  Management 
are  paid  directly  to  the  general  fund  of 
the  U.  S,   Treasury.     These  payments 
include  funds  earmarked  for  counties. 
Although  Douglas  County  receives  payment 
from  the  Treasury  rather  than  the  Forest 
Service  or  Bureau  of  Land  Management, 
we  show  payments  coming  from  the  agencies 
to  the  county.     We  did  this  because  the 
payments  are  based  on  a  fixed  formula 
and  we  wanted  to  show  the  direct  link 
between  agency  sales  and  payments  to 
counties.     In  columns  19  and  20,  all 
receipts  excluding  payments  to  counties 
and  for  purchaser-built  roads  are  shown 
as  going  to  the  State  and  Federal  Govern- 
ment sector. 

APPROPRIATED  FUNDS 
SECTORS 

Rows  19a  and  20a  show  the  source 
of  money  for  the  appropriated  funds  sectors 
of  the  U.  S.   Forest  Service  and  the  Bureau 
of  Land  Management,  respectively.     All 
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of  the  money  spent  by  these  two  agencies 
comes  directly  from  the  State  and  Federal 
Government  (34).     In  the  input-output  for- 
mat, this  appears  as  a  sale  to  sector  34. 

Columns  19a  and  20a  of  table  1  show 
how  these  appropriated  funds  are  spent  by 
the  two  agencies.     For  the  U.  S.   Forest 
Service  (19a),  expenditures  are  concen- 
trated in  the  construction  (16),  household 
(31),  and  imports  (33)  sectors.     For  the 
Bureau  of  Land  Management  (20a),  expendi- 
tures are  concentrated  in  the  household 
(31)  and  imports  (33)  sectors. 

IMPACTS  OF  CHANGES 
IN  DEMAND 

TIMBER  PROCESSING 
INDUSTRIES 

In  order  to  show  the  economic  im- 
pact of  a  change  in  final  demand  in  the 
timber  processing  industries  (1,  2,  3,  4), 
a  $100,000  change  in  final  demand  was 
assumed  for  each  of  the  sectors  independ- 
ently.    The  input-output  model  assumes 
that  impacts  are  proportional.      For 
example,  this  means  that  a  $200,000 
change  in  demand  would  have  twice  the 
impact  of  a  $100,000  change  in  demand. 
A  change  in  sales  value  of  final  demand 
could  occur  because  of  a  change  in  prod- 
uct price,  a  possibility  in  the  price- 
volatile  lumber  and  plywood  industries, 
or  because  of  a  change  in  the  sale  of 
product. 

If  prices  do  change,  the  input-output 
model  would  treat  the  change  in  sales  to 
final  demand  as  a  change  in  the  amount 
of  product  produced.     The  model  would 
then  not  show  a  completely  realistic 
picture  of  the  impacts  of  price  changes. 
The  price  changes  would  cause  changes 
in  the  pattern  of  sales  and  expenditures 
for  firms  and  agencies  which  buy  and  sell 
stumpage,  and  this  would  not  be  reflected 
in  the  model.     We  recognize  this  as  a 


drawback  in  the  model  but  do  not  feel  that 
it  mitigates  the  value  of  the  input-output 
approach  in  identifying  sectors  affected 
by  the  forest-oriented  sectors  in  Douglas 
County.     Prices  can  change  daily  in  the 
lumber  and  plywood  industries,  and  over 
time,  the  prices  used  in  the  model  should 
reflect  a  reasonable  estimate  of  the  im- 
pacts of  these  industries  resulting  from 
changes  in  actual  volume  output. 

Table  6  shows  that,  for  each  of  the 
timber  processing  sectors,  households 
(31)  receives  the  most  impact  of  any 
sector  from  a  change  in  final  demand  for 
the  processing  industries.     This  change 
in  payments  to  households  (31)  is  about 
$50,000  for  sectors  1,  2,  and  3,  but  only 
$20,000  for  sector  4.     Most  of  the  change 
in  payments  to  sector  31  are  salary  pay- 
ments.    The  pulp  and  board  industry  (4) 
is  relatively  capital  intensive  compared 
with  sectors  1,  2,  and  3;  therefore, 
salary  payments  for  sector  4  make  up 
a  smaller  proportion  of  expenditures. 

Other  sectors  which  are  relatively 
more  affected  by  sector  1  include  auto- 
motive sales  and  service  (12)  and  retail 
and  wholesale  trade  (17).    Per  dollar  of 
change  in  final  demand,  sector  2  has 
relatively  more  impact  on  timber  harvest- 
ing and  hauling  (1),  sectors  12,   15,  and 
17,  and  the  Bureau  of  Land  Management 
(20).    Sectors  3  and  4  are  more  important 
for  sectors  12  and  17  than  for  other 
industries  in  the  county. 

IMPACT  OF  A  CHANGE  IN 
APPROPRIATED  FUNDS  FOR  THE 
U.  S.  FOREST  SERVICE  AND 
BUREAU  OF  LAND  MANAGEMENT 

With  the  exception  of  purchaser-built 
roads,  Forest  Service  and  Bureau  of  Land 
Management  expenditures  are  based  on 
appropriated  funds.    The  level  of  these 
funds  in  Douglas  County  is  determined  by 
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Table  6.  -Dollar  change  in  internal  sectors'  sales  per  $100,000 
change  in  demand  for  each  timber  processing  sector 


Internal    sector 


Timber   processing    sector 


1 

102,85^ 

34,525 

su.rc>     —     —     — 

5,452 

891 

2 

444 

101,134 

649 

646 

3 

1,033 

2,635 

102,542 

116 

4 

0 

0 

0 

100,000 

5 

275 

185 

113 

51 

6 

54 

62 

52 

23 

7 

129 

242 

104 

45 

8 

3,214 

2,075 

1,215 

554 

9 

418 

465 

403 

169 

10 

2,261 

2,523 

2,196 

916 

11 

6,289 

5,356 

3,670 

1,509 

12 

19,981 

15,608 

10,124 

4,149 

13 

8,038 

7,805 

4,895 

2,274 

14 

3,344 

3,440 

2,805 

1,234 

15 

7,325 

17,489 

4,736 

1,351 

16 

3,829 

4,794 

6,014 

2,756 

17 

22,218 

27,052 

20,686 

10,653 

18 

6,110 

6,229 

4,850 

2,106 

19 

1,148 

4,414 

6,695 

48 

19a 

0 

0 

0 

0 

20 

5,879 

10,710 

7,405 

138 

20a 

0 

0 

0 

0 

21 

3,686 

5,212 

5,051 

2,656 

22 

125 

158 

133 

73 

23 

1,943 

2,708 

1,160 

1,777 

24 

59 

67 

65 

34 

25 

117 

146 

81 

102 

26 

377 

477 

528 

336 

27 

91 

113 

114 

63 

28 

98 

114 

117 

61 

29 

75 

92 

90 

51 

30 

108 

160 

146 

84 

31 

47,833 

53,360 

46,469 

19,349 

32 

0 

0 

0 

0 

Total 

249,352 

309,350 

238,560 

154,218 
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national  and  agency  priorities.     Changes 
in  appropriated  funds  could  be  applied  to 
existing  programs  or  used  to  initiate  new 
programs. 

Table  7  shows  the  impact  of  a 
$100,000  change  in  U.S.   Forest  Service 
appropriations  and  a  similar  change  for 
Bureau  of  Land  Management  appropria- 
tions.    Changes  were  made  independently 
for  the  two  agencies.     For  the  Forest 
Service,  this  amounts  to  a  1.  2-percent 
change  in  appropriations  and  for  the 
Bureau  of  Land  Management,  6.  5  percent. 
The  input-output  model  assumes  that  each 
agency  would  increase  or  decrease  expendi- 
tures proportionately  according  to  the 
corresponding  spending  patterns  of  col- 
umns 19a  and  20a  in  table  2. 

All  of  the  change  in  appropriated 
funds  is  interpreted  in  our  model  as  a 
change  in  final  demand  for  sector  19a  or 
sector  20a.     The  direct  and  indirect  effect 
of  a  $100,  000  change  in  final  demand  is 
derived  by  multiplying  the  coefficients  in 
column  19a  or  20a  of  table  3  by  $100,000. 

For  both  agencies,  the  sector  most 
affected  by  a  change  in  appropriated  funds 
is  31,  households.    This  is  because  most 
of  the  appropriated  funds  are  spent  for 
salary  payments.     Because  the  expenditure 
pattern  is  not  the  same  for  both  agencies, 
other  sectors  in  the  economy  are  affected 
differently  by  each  agency.     For  example, 
sales  of  retail  and  wholesale  trade  (17) 
change  by  $33,778  per  $100,000  for  the 
Forest  Service  and  $39,869  for  the  Bureau 
of  Land  Management.    This  difference  is 
due  in  part  to  the  fact  that  a  higher  propor- 
tion of  the  BLM's  appropriated  funds  is 
spent  for  household  payments.    Through 
their  expenditure  patterns  in  the  county, 
households  have  a  high  multiplier  effect 
in  other  sectors. 

In  total,  county  sales  would  change 


by  $298,413  per  $100,000  for  the  Forest 
Service,   and  $326,579  per  $100,000  for 
the  Bureau  of  Land  Management.     These 
totals  include  the  initial  $100,000  change 
for  each  agency. 

Up  to  this  point,  we  have  assumed 
that  resources  in  the  county  are  present 
to  absorb  an  increase  in  sales  for  any 
one  sector.     This  was  done  to  demonstrate 
the  impact  of  changes  in  demand  for  the 
forest- oriented  sectors.     The  next  section 
addresses  the  question  of  what  might 
happen  if  the  supply  of  timber  is  reduced 
in  Douglas  County. 

IMPACT  OF  CHANGES  IN 

TIMBER  AVAILABILITY 

IN  DOUGLAS  COUNTY 

USING  THE  INPUT- OUTPUT 
MODEL  TO  DERIVE  THE 
LOCAL  IMPACT  OF 
TIMBER  AVAILABILITY 

In  the  following  analyses,  we  show 
the  impact  of  changes  in  timber  availability 
from  private  lands,  the  Forest  Service, 
and  Bureau  of  Land  Management.     We 
derived  the  impact  of  timber  availability 
in  three  situations. 

First,  we  reduced  timber  harvest 
on  private  lands  and  held  industry  pur- 
chases from  the  Forest  Service  and 
Bureau  of  Land  Management  constant. 
Second,  we  reduced  industry  purchases 
from  the  Forest  Service  and  Bureau  of 
Land  Management  and  kept  industry  pur- 
chases from  private  lands  constant.     In 
these  two  situations,  we  assumed  that  the 
effects  of  declines  in  timber  availability 
would  not  be  mitigated  by  increased 
imports  from  other  areas  or  increased 
harvest  on  other  ownerships.     If  the 
present  situation  continues,  this  is  a 
reasonable  assumption  because  of  the 
projected  general  decline  in  timber 
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Table  7  -Dollar  change  in  internal  sectors'  sales  per  $100,000  change 

in  appropriated  funds  for  the  U.S.  Forest  Service 

and  Bureau  of  Land  Management 


Internal 

U.S. 

Bureau  of 

sector 

Forest  Service 

Land  Management 

1 

1,827 

3,595 

2 

392 

271 

3 

583 

666 

4 

0 

0 

5 

202 

213 

6 

85 

109 

7 

170 

213 

8 

2,209 

2,263 

9 

683 

870 

10 

3,598 

4,770 

11 

7,031 

8,452 

12 

16,411 

20,714 

13 

7,787 

8,904 

14 

6,151 

5,987 

15 

4,656 

5,674 

16 

23,013 

5,793 

17 

33,778 

39,869 

18 

8,128 

10,254 

19 

10 

125 

19  a 

100,000 

0 

20 

184 

278 

20a 

0 

100,000 

21 

3,792 

4,886 

22 

196 

256 

23 

103 

146 

24 

87 

114 

25 

80 

92 

26 

546 

683 

27 

136 

174 

28 

137 

174 

29 

113 

144 

30 

156 

197 

31 

76,169 

100,693 

32 

0 

0 

Total 


298,413 


326,579 
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harvest  in  southwestern  Oregon.     In  the 
third  situation,  we  assumed  that  declines 
in  private  timber  harvest  would  be  offset 
by  increases  in  timber  harvests  from  the 
Forest  Service  and  Bureau  of  Land  Manage- 
ment in  Douglas  County. 

Changes  in  resource  availability  in 
a  local  area  will  change  the  sales  or  ex- 
penditures pattern  for  one  or  more  sectors 
in  the  model.    A  problem  with  using  the 
input-output  model  in  this  manner  is  to 
anticipate  how  the  sales  and  expenditures 
patterns  will  change.    Appendix  B  explains 
our  rationale  for  changing  sales  and  ex- 
penditures patterns  for  the  affected  sectors. 

In  our  analysis,  the  impact  of  a 
change  in  timber  harvest  is  proportional 
to  the  change  in  timber  harvest.     For 
example,  a  50-percent  reduction  in  pri- 
vate timber  harvest  will  have  twice  the 
impact  of  a  25-percent  reduction.    For 
marginal  changes,  the  proportionality 
assumption  is  reasonable.     For  major 
shifts  in  timber  availability,  changes  in 
the  economic  structure  of  the  county  can 
be  expected  to  occur.     For  example,  as 
timber  becomes  less  available,  industry 
might  more  intensively  utilize  timber  and 
this  in  turn  could  further  alter  purchase 
and  expenditure  patterns  for  the  timber 
processing  industry.    For  these  reasons, 
economic  impacts  derived  from  changes 
in  resource  availability  should  be  viewed 
as  approximations. 

Although  available  projections  for 
timber  availability  in  the  Douglas  County 
area  show  declining  availability  on  private 
lands,  the  timing  of  declines  in  timber 
harvest  will  depend  on  the  actions  of  firms 
and  agencies  which  affect  timber  harvest 
in  Douglas  County.     Any  change  in  timber 
harvest  patterns  will  most  likely  occur 
over  a  number  of  years.     We  can  use  the 
input-output  model  to  project  economic 
impacts  for  changes  in  timber  harvest 


levels,  but  the  resulting  information  should 
be  used  with  the  realization  that  our  data 
base  for  economic  interactions  is  for  1970. 
By  the  time  timber  harvest  levels  change 
as  projected,  economic  interactions  in  the 
county  may  change.     For  this  reason  also, 
projections  of  economic  impact  based  on 
changes  in  resource  availability  should  be 
viewed  as  approximations. 

IMPACT  OF  CHANGES 
IN  PRIVATE  TIMBER 
HARVESTS 

According  to  Hamill's  (1963)  projec- 
tions,  a  50-percent  decline  in  private 
timber  harvest  can  be  expected  over  the 
next  10  to  20  years.     In  our  analysis,   a 
50-percent  decline  in  private  timber  har- 
vest would  mean  an  18.9-percent  decline 
in  timber  availability  for  the  timber  proc- 
essing industries.    Although  the  private 
harvest  is  about  50  percent  of  the  total, 
the  reduction  in  timber  to  Douglas  County 
industries  is  less  than  25  percent.    This  is 
because  in  our  model  a  higher  proportion 
of  the  harvest  from  private  land  is  exported 
from  the  county  than  is  the  case  for  harvest 
from  Federal  agencies'  lands.    (See 
appendix  B  for  more  detail  on  procedure. ) 

We  do  not  have  sufficient  information 
to  estimate  the  timber  harvest  decline  by 
ownership  within  the  private  sectors,  nor 
do  we  know  which  of  the  timber  processing 
industries  will  be  faced  with  reduced  timber 
supplies.     Because  of  this,  we  combined 
the  timber-processing  sectors  (1,  2,  3, 
and  4)  into  one  industry,  the  timber  proc- 
essing industry  (1-4). 

If  timber  harvest  on  private  lands 
declines  by  50  percent,  then  total  gross 
output  of  the  timber  processing  industry 
should  decline  by  18.9  percent  because 
18.  9-percent-less  timber  would  be  avail- 
able to  the  industry.    Sales  of  timber  from 
the  Forest  Service  and  Bureau  of  Land 
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Management  to  the  timber  processing 
industry  were  held  constant  as  were 
timber  imports. 

Table  8  shows  the  impact  on  sales  of 
other  sectors  in  the  county  of  a  50-percent 


reduction  in  private  timber  harvest.     In  terms 
of  the  percentage  of  each  sector's  sales, 
the  impact  ranges  from  0  for  the  Forest 
Service  appropriated  funds  sector  (19a), 
both  of  the  Bureau  of  Land  Management 
sectors  (20  and  20a),  and  the  visitors  sector 


Table  8. -Decline  in  internal  sectors'  sales  caused  by  a  50 -percent 
reduction  in  private  timber  harvest 


Internal 

Total  sales 

Decline 

sector 

before  harvest  reduction 

in  sales 

-  -  -  -  Dollars     -  -  -  - 

-  Percent     - 

1-4 

254,984,662 

18.90 

5 

4,032,531 

1.32 

6 

3,338,661 

.63 

7 

5,442,594 

.95 

8 

46,158,717 

1.30 

9 

3,740,987 

4.17 

10 

8,864,702 

9.58 

11 

19,284,315 

8.28 

12 

43,188,757 

10.57 

13 

25,039,864 

8.73 

14 

11,503,773 

9.75 

15 

25,313,835 

11.19 

16 

24,609,753 

11.16 

17 

83,020,350 

10.16 

18 

28,313,372 

6.94 

19 

16,697,255 

.04 

19a 

8,658,788 

0 

20 

16,854,082 

0 

20a 

1,530,840 

0 

21 

19,180,162 

7.60 

22 

1,664,172 

3.26 

23 

6,572,041 

8.13 

24 

1,451,987 

1.73 

25 

1,841,232 

2.32 

26 

1,728,806 

11.55 

27 

661,853 

6.64 

28 

515,071 

8.70 

29 

544,734 

6.09 

30 

525,676 

10.54 

31 

158,104,552 

11.36 

32 

18,851,170 

0 

Total  or 

842,219,295 

11.30 

average 
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(32)  to  11.  55  percent  for  the  City  of  Roseburg 
(26).    Payments  to  households  (31)  would 
decline  by  11.  36  percent.    Total  sales  in 
the  county  would  decline  by  11.  3  percent. 

In  terms  of  dollars  of  sales,  payment 
to  households  (31)  would  decline  by  the 
largest  amount  of  any  sector  except  the 
timber  processing  industry:    $18  million. 
The  input-output  model  used  here  is  not 
designed  to  estimate  employment  impacts. 
However,  we  can  place  the  impact  on 
employment  in  perspective  if  we  assume 
that  all  payments  to  households  are  sala- 
ries.   A  salary  total  of  $18  million  would 
amount  to  1,  800  jobs  paying  $10,  000  per 
year. 

Sales  of  the  timber  processing 
industries  (1-4)  would  decline  by  $48.2 
million.    Payments  for  education  (21)  and 
county  roads  (23)  would  decline  a  total  of 
$2  million. 

Final  demand  for  each  of  the  internal 
sectors  remained  constant  with  the  excep- 
tion of  the  timber  processing  industry  (1-4) 
which  had  a  $42.7  million  decline  in  final 
demand  to  $182  million. 

Because  the  economic  impact  of 
changes  in  timber  harvest  is  proportional 
to  changes  in  harvest,  we  can  estimate 
the  change  in  sales  attributable  to  a  given 
percentage  change  in  harvest.     For  ex- 
ample, a  1-percent  decrease  in  private 
timber  harvest  would  reduce  county  sales 
by  2  percent  of  the  amount  caused  by  a 
50-percent  reduction  in  private  harvest 
or  0.  23  percent. 

The  impact  caused  by  changes  in 
private  timber  harvest  on  the  county  econo- 
my is  equal  for  equal  increases  or  de- 
creases in  private  harvest.    For  example, 
a  1-percent  increase  in  private  harvest 
would  increase  county  sales  by  0.23 
percent. 


IMPACTS  OF  CHANGES 
IN  TIMBER  HARVEST  ON 
FOREST  SERVICE  AND 
BUREAU  OF  LAND 
MANAGEMENT  LANDS 

The  Forest  Service  and  Bureau  of 
Land  Management  each  account  for  about 
25  percent  of  the  total  timber  harvest  in 
Douglas  County.     We  used  the  input-output 
model  to  estimate  the  impact  on  the  county 
economy  if  timber  harvest  for  either  of 
these  two  agencies  declined  by  10  million 
board  feet  while  private  harvest  and 
timber  imports  remained  constant.     The 
level  of  timber  sales  for  both  agencies 
is  subject  to  review  and  may  be  either 
increased  or  decreased  consistent  with 
agency  objectives  and  funding.    For 
example,  sales  may  be  reduced  because 
of  changes  in  land  use  classification  or 
reductions  in  funding  for  timber  sales 
preparation.    Since  the  input-output  model 
is  based  on  dollars  of  sales  and  expendi- 
tures, changes  in  timber  sales  volume 
were  converted  to  changes  in  dollars  of 
sales. 

We  converted  10  million  board  feet 
of  timber  sales  to  $495,  500  for  the  Forest 
Service  and  to  $495,  700  for  the  Bureau 
of  Land  Management.     Average  prices 
were  $49.  55  per  thousand  board  feet  for 
the  Forest  Service  and  $49.  57  for  the 
Bureau  of  Land  Management.    These  prices 
approximate  average  1970  prices  on  the 
Umpqua  National  Forest  and  the  Roseburg 
District,  respectively,  and  include  allow- 
ances for  purchaser-built  roads  (see 
appendix  B  for  discussion  of  allocation  of 
volume  to  the  processing  sectors  (1-4) 
and  to  exports). 

We  did  not  include  any  allowance  for 
changes  in  appropriated  funds  commen- 
surate with  changes  in  timber  sales  vol- 
ume.    For  marginal  changes  in  volume 
such  as  10  million  board  feet,  this  is  a 
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reasonable  assumption.     Management 
priorities  can  be  shifted  in  the  short  run 
to  achieve  marginal  changes  in  sales 
volume.     For  larger  changes,  such  as 
25  or  50  percent,   an  increase  in  appro- 
priated funds  is  a  more  reasonable 
assumption. 


Table  9  shows  the  reduction  in 
each  internal  sector's  sales  associated 
with  a  10  million-board-foot  reduction 
in  timber  sales  for  either  the  Forest 
Service  or  Bureau  of  Land  Management. 

In  terms  of  the  percentage  of 


Table  9. -Decline  in  internal  sectors'  sales  caused  by  a  10  mill  ion -board -foot 
change  in  Forest  Service  or  Bureau  of  Land  Management  timber  sales 


Interna ] 

Total  sales 
before  harvest  reduction 

Decl ine  in 

sales 

sector 

Forest  Service 

Bureau 

of  Land  Management 

"  "  "  Dollars      " 

^ercent 

I 

1-4 

254,984,662 

0.59 

0.84 

5 

4,032,531 

.04 

.06 

6 

3,338,661 

.02 

.02 

7 

5,442,594 

•  03 

.04 

8 

46,158,717 

.04 

.05 

9 

3,740,987 

.14 

.19 

10 

8,864,702 

.32 

•  43 

11 

19,284,315 

.27 

•  37 

12 

43,188,757 

.36 

.48 

13 

25,039,864 

•  30 

•  39 

14 

11,503,773 

.33 

.44 

15 

25,313,835 

•  36 

•  50 

16 

24,609,753 

•  31 

.40 

17 

83,020,350 

.35 

.47 

18 

28,313,372 

.25 

.32 

19 

16,697,255 

2.95 

.01 

19a 

8,658,788 

0 

0 

20 

16,854,082 

0 

2.93 

20a 

1,530,840 

0 

0 

21 

19,180,162 

.57 

.53 

22 

1,664,172 

.10 

.14 

23 

6,572,041 

.55 

•  52 

24 

1,451,987 

.05 

.07 

25 

1,841,232 

.07 

.10 

26 

1,728,806 

•  38 

.51 

27 

661,853 

.21 

.29 

28 

515,071 

.28 

.38 

29 

544,734 

.21 

.28 

30 

525,676 

•  35 

.48 

31 

158,104,552 

■  39 

■  52 

32 

18,851,170 

•  0 

0 

Total  or 
average 

842,219,295 

0.44 

0.58 
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internal  sectors'  sales,  the  impact  for 
the  Forest  Service  ranges  from  0  for  the 
Forest  Service  appropriated  funds  sector 
(19a),  both  of  the  Bureau  of  Land  Manage- 
ment sectors  (20  and  20a),  and  the  visitors 
sector  (32)  to  0.  59  percent  for  the  timber 
processing  industry  (1-4).     Payments  to 
Douglas  County  for  schools  (21)  and  roads 
(23)  would  decline  0.  57  percent  and  0.  55 
percent,   respectively.     Payments  to 
households  would  decline  0.  39  percent. 
Total  county  sales  would  decline  0.44 
percent. 

Total  gross  output  of  the  timber 
processing  industry  (1-4)  would  decline 
by  $1.  5  million.     Payments  to  households 
(31)  would  decline  by  $616,608. 

Final  demand  for  each  sector  re- 
mained constant,  with  the  exceptions  of 
the  timber  processing  industry  (1-4) 
which  had  a  decline  in  final  demand  of 
$1.  3  million  to  $223.  3  million  and  the 
Forest  Service  sales  sector  (19)  which 
had  a  decline  of  $181,797  to  $5.9  million. 

In  terms  of  the  percentage  of  internal 
sectors'  sales,  the  impact  for  the  Bureau 
of  Land  Management  ranges  from  0  for 
the  Forest  Service  (19a)  and  Bureau  of 
Land  Management  (20a)  appropriated  funds 
sectors  and  the  visitors  sector  (32)  to 
0.  84  percent  for  the  timber  processing 
industry  (1-4).    Payments  to  Douglas 
County  for  schools  (21)  and  roads  (23) 
decline  0.53  and  0.52  percent,  respec- 
tively.    Household  receipts  decline  0.  52 
percent  and  total  county  sales,  0.  58  per- 
cent.    A  10  million-board-foot  reduction 
in  Bureau  of  Land  Management  sales 
volume  would  reduce  agency  receipts  by 
2.93  percent. 

Final  demand  for  each  sector  re- 
mained constant,  with  the  exceptions  of 
the  timber  processing  industry  (1-4) 
which  had  a  $1.9  million  decline  to 


$222.  8  million  and  the  Bureau  of  Land 
Management  sales  sector  (20)  which  had 
a  decline  of  $55,  313  to  $1.  8  million. 

In  our  analysis,  economic  impacts 
are  proportional  to  changes  in  timber 
sales  volume.     For  example,  a  1  million- 
board-foot  decline  in  volume  would  have 
10  percent  of  the  impact  of  a  10  million- 
board-foot  decline.     Thus,  a  1  million- 
board-foot  decline  in  Forest  Service 
timber  sales  would  cause  county  sales 
to  decline  0.  04  percent  and  for  the  Bureau 
of  Land  Management,  0.06  percent. 

"FORWARD- LINKED" 
MULTIPLIERS  VS. 
"BACKWARD- LINKED" 
MULTIPLIERS  FOR  THE 
FOREST  SERVICE  AND 
BUREAU  OF  LAND 
MANAGEMENT 

We  have  used  the  input-output  model 
to  identify  the  impact  of  both  forward  and 
backward  linkages  for  the  Forest  Service 
and  Bureau  of  Land  Management.     Per 
dollar  of  change  in  timber  sales,  these 
linkages  lead  to  different  impacts  on  the 
local  economy.     The  sum  of  the  coefficients 
in  column  19  of  table  3  shows  that  per 
dollar  of  change  in  final  demand  for  the 
Forest  Service,  county  sales  change  by 
$1.  88  and  for  the  Bureau  of  Land  Manage- 
ment in  column  20,  $1.  79.     These 
"backward-linked"  multipliers  show  the 
total  direct  and  indirect  impact  on  the 
Douglas  County  economy  of  a  $1  change 
in  agency  exports. 

"Forward-linked"  multipliers  can 
be  derived  for  the  two  agencies  from 
table  9.     For  the  Forest  Service,    a 
$492,  837  change  in  timber  sales  caused 
county  sales  to  change  by  $3,  711,  507  for 
a  multiplier  of  7.  53.     For  the  Bureau  of 
Land  Management,  a  $493,231  change  in 
timber  sales  caused  county  sales  to 
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change  by  $4,  839,  753  for  a  multiplier 
of  9.81. 

Both  agencies  consider  local  eco- 
nomic impact  when  evaluating  changes  in 
administrative  policies.     The  forward- 
and  backward-linked  multipliers  tend  to 
form  two  extremes  for  the  local  economic 
impact  of  agency  actions  and  the  impact 
realized  by  the  economy  would  tend  to  lie 
between  these  two  extremes. 

The  forward-linked  multiplier  mea- 
sures the  local  economic  impact  if  the 
effect  of  a  change  in  timber  sales  volume 
is  not  offset  by  compensating  changes  in 
timber  volume  from  other  ownerships. 
For  example,  if  the  Forest  Service  re- 
duced timber  sales  volume  by  10  million 
board  feet  and  private  landowners  were 
able  to  increase  harvest  by  enough  to 
offset  this  reduction,  the  impact  on  the 
county  economy  would  be  less  than  in  a 
situation  where  private  landowners  could 
not  increase  timber  harvest. 

Because  the  backward-linked  multi- 
plier measures  the  local  economic  impact 
of  changes  in  timber  exports,  the  multi- 
plier attributes  to  stumpage,  at  most,  the 
direct  and  indirect  value  of  harvesting 
and  transporting  the  timber  outside  the 
county.     The  forward-linked  multiplier 
attributes  to  stumpage  the  direct  and 
indirect  values  of  harvesting,  transport- 
ing, and  processing  the  timber  in  the 
county.     In  other  words,  the  forward- 
linked  multiplier  assumes  that  the  timber 
will  be  further  processed  than  does  the 
backward-1  inked  multiplier. 

In  view  of  the  projected  decline  in 
timber  availability  in  Douglas  County, 
the  forward-linked  multiplier  is  the  more 
reasonable  estimate  of  the  local  economic 
impact  of  declines  in  timber  harvest  on 
Forest  Service  and  Bureau  of  Land  Manage- 
ment lands.     Declines  in  timber  harvest 


on  lands  administered  by  these  two 
agencies  cannot  be  continuously  offset 
by  increases  in  private  harvest  nor  by 
imports. 

EFFECT  OF  A  DECLINE 
IN  PRIVATE  HARVEST 
AND  COMPENSATING 
INCREASE  IN  PUBLIC 
HARVEST 

In  the  preceding  two  sections,  we 
have  shown  the  effect  of  independent 
changes  in  timber  harvest  from  private, 
Forest  Service,  and  Bureau  of  Land 
Management  lands.     In  this  section,  we 
show  the  effect  on  the  local  county  eco- 
nomy if  declines  in  private  timber  har- 
vest are  offset  by  compensating  increases 
in  public  timber  sales  volume.     Newport 
(1972)  has  suggested  that  combining  har- 
vest schedules  of  private  and  public  land 
in  Douglas  County  might  prove  to  be 
complementary  for  total  harvest.     In  our 
analysis,  we  do  not  attempt  to  estimate 
the  total  harvest  which  might  result  from 
such  a  combination. 

We  used  the  input-output  model  to 
show  the  effect  on  the  Douglas  County 
economy  if  a  private  harvest  decline  of 
50  percent  is  offset  by  an  increase  in 
harvest  from  the  Forest  Service  (19) 
and  Bureau  of  Land  Management  (20) 
sufficient  to  maintain  log  consumption 
by  the  timber  processing  industry  (1-4). 
A  50- percent  decline  in  private  harvest 
would  require  a  39.  1-percent  increase 
in  harvest  on  the  two  Federal  agencies' 
lands  (see  appendix  B  for  discussion  of 
procedure  for  allocating  harvest  to 
exports).     Therefore,  we  assumed  that 
timber  harvest  would  increase  by  39.  1 
percent  for  both  agencies.     Increases 
in  appropriated  funds  would  be  necessary 
for  a  change  in  sales  of  this  magnitude. 
Accordingly,  we  increased  appropriated 
funds    by  39.  1  percent  for  both  agencies 


2  7 


and  assumed  that  total  appropriations 
would  be  spent  proportionately  according 
to  columns  19a  and  20a  of  table  2.     For 
such  an  unprecedented  shift  in  public 
policy  in  Douglas  County,  county  economic 
structure  and/or  agency  spending  patterns 
might  change  from  previous  patterns. 
Therefore,  our  estimates  of  economic 
impact  should  be  viewed  as  approximations. 


Table  10  shows  that  the  change  in 
policy  results  in  sales  increases  for  each 
internal  sector  with  the  exceptions  of  the 
timber  processing  industry  (1-4)  and  the 
visitors  sector  (32)  which  had  no  change 
in  sales.     For  the  county  economy  as  a 
whole,  sales  would  increase  3.  6  percent. 
An  increase  in  county  sales  indicates 
that  the  spending  and  sales  patterns  for 


Table  10.  -Ne 

f  increase  in  internal  sectors'  sales  resulting  from  a 

decrease 

in  private  harvest  offset  by  harvest  increases  on 

Forest  Sen/ice  and  Bureau  of  Land  Management  lands 

Internal 

Total    sales 

sector 

before  harvest   change 

Increase    in   sales 

-   -   -     Dollars     -   -   -                       -   -      Percent     -   - 

1-4 

25^,984,662                                             0 

5 

4,032,531                                              .28 

6 

3,338,661                                              .12 

7 

5,442,594                                              .19 

8 

46,158,717                                              .27 

9 

3,740,987                                            1.11 

10 

8,864,702                                             2.44 

11 

19,284,315                                           2.07 

12 

43,188,757                                           2.28 

13 

25,039,864                                            1.88 

lit 

11,503,773                                           2.85 

15 

25,313,835                                            1.04 

16 

24,609,753                                           4.63 

17 

83,020,350                                           2.40 

18 

28,313,372                                            1.79 

19 

16,697,255                                         38.90 

19a 

8,658,788                                         39-10 

20 

16,854,082                                         39-10 

20a 

1,530,840                                         39-10 

21 

19,180,162                                           8.04 

22 

1,664,172                                              .70 

23 

6,572,041                                            6.91 

24 

1,451,987                                              .29 

25 

1,841,232                                              .21 

26 

1,728,806                                            1.93 

27 

661,853                                            1-34 

28 

515,071                                            1.29 

29 

544,734                                            1.42 

30 

525,676                                            1.90 

31 

158,104,552                                             2.88 

32 

18,851,170                                    0 

Total   or 
average 

842,219,295                                             3.59 

2S 


the  two  agencies  differ  from  the  timber 
processing  sectors  (1-4).     With  this  change 
in  policy,  payments  to  the  county  for  edu- 
cation (21)  would  increase  8  percent  and 
for  county  roads  (23),  6.9  percent.    Pay- 
ments to  households  (31)  would  increase 
by  2.9  percent.    Because  we  assumed 
that  the  harvest  increase  on  the  two 
agencies'  lands  offsets  the  decline  in 
private  harvest,  the  output  of  the  timber 
processing  industry  does  not  change. 


projections  of  future  timber  supply  for 
the  Douglas  County  area  indicate  that 
timber  harvest  from  private  lands  will 
decline  substantially  over  the  next  10  to 
20  years  because  of  reductions  in  inven- 
tory on  these  lands.     Information  to 
identify  those  industries  which  will  be 
affected  by  changes  in  timber-oriented 
sectors  is  necessary  to  plan  adjustments 
or  to  take  actions  to  offset  projected 
changes. 


Only  the  final  demand  for  sectors 
19,   19a,  20,  and  20a  changed  in  our 
example.    This  was  done  to  reflect  the 
increase  in  appropriated  funds  (19a  and 
20a)  and  the  maintenance  of  exports  as 
constant  proportions  of  Forest  Service 
(19)  and  Bureau  of  Land  Management  (20) 
timber  sales.    After  the  change  in  policy, 
final  demands  for  the  appropriated  funds 
sectors  were  $12  million  for  the  Forest 
Service  (19a)  and  $2.  1  million  for  the 
Bureau  of  Land  Management  (20a).     Final 
demands  for  the  sales  sectors  were  $8.  5 
million  for  the  Forest  Service  (19)  and 
$2.  6  million  for  the  Bureau  of  Land 
Management. 

We  estimated  the  impact  of  a  change 
in  policy  according  to  the  change  in  county 
sales.     Many  other  factors  would  undoubt- 
edly have  to  be  considered  in  evaluating 
the  desirability  of  such  a  change  in 
Federal  forest  management  policy. 

SUMMARY 

IMPACTS  IDENTIFIED 
IN  THIS  REPORT 

This  study  has  shown,  through  the 
input-output  technique,  that  approximately 
two-thirds  of  the  economic  base  of  Doug- 
las County  is  dependent  on  the  actions  of 
the  area's  timber  processing  industries 
and  the  U.  S.   Forest  Service  and  the 
Bureau  of  Land  Management.     Available 


The  input-output  model  of  the 
Douglas  County  economy  can  be  used  to 
evaluate  a  broad  range  of  timber  supply 
alternatives  for  the  area.    However,  a 
set  of  assumptions  is  necessary  to  evaluate 
each  alternative,  and  the  implications  for 
each  alternative  should  be  interpreted 
within  the  framework  established  by  the 
assumptions.    The  model  can  also  be  used 
to  evaluate  alternative  sets  of  assumptions. 
Changes  in  timber  supply  occur  over  time 
and  may  cause  changes  in  the  county 
economic  structure  depicted  in  the  input- 
output  model.    For  these  reasons,  the 
consequences  of  alternative  timber  supply 
situations  evaluated  within  the  input-output 
framework  should  be  viewed  as  approxi- 
mations. 

We  have  shown  the  potential  impacts 
for  independent  $100,000  changes  in  de- 
mand for  the  four  timber  processing 
industries  in  the  Douglas  County  model: 
Timber  harvesting  and  hauling,  sawmills, 
plywood  and  veneer  mills,   and  pulp,  paper, 
and  particleboard  plants.     The  potential 
impacts  of  independent  $100,000  changes 
in  appropriated  funds  for  the  Forest 
Service  and  Bureau  of  Land  Management 
were  also  identified.     We  identified  the 
impacts  of  changes  in  timber  supply  for 
the  following  situations. 
1.     Independent  10  million-board-foot 
reductions  in  timber  harvest  from  the 
Forest  Service  and  Bureau  of  Land 
Management. 
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2.  A  50-percent  reduction  in  private 
timber  harvest  with  harvest  from 
other  timber  supply  sources  held 
constant. 

3.  A  50-percent  reduction  in  private 
timber  harvest  which  is  offset  by 
increased  harvest  from  Forest  Service 
and  Bureau  of  Land  Management  lands. 

Within  the  framework  of  the  model, 
the  impacts  of  changes  in  demand  and 
timber  supply  are  proportional.     For 
example,  a  $50,000  change  in  demand 
will  have  one-half  the  impact  of  a 
$100,000  change  and  a  5  million-board- 
foot  change  in  harvest  will  have  one-half 
of  the  impact  of  a  10  million-board-foot 
change. 

CONCLUSIONS 

USE  OF  THE  REPORT 
FOR  COUNTY  PLANNING 

If  private  timber  harvest  in  Douglas 
County  declines  by  50  percent  over  the 
next  10  to  20  years  as  has  been  projected, 
our  study  indicates  that  total  county  sales 
will  decline  by  11.  3  percent  and  payments 
to  households  will  decline  by  11.4  percent. 
In  this  situation,  output  of  the  timber 
processing  industry  would  decline  18.9 
percent  and  other  sectors'  sales  or  gross 
receipts  would  decline  by  up  to  11.  5 
percent. 

From  a  county  planning  standpoint, 
the  projected  impacts  of  a  decline  in 
private  timber  harvest  can  be  accepted 
or  steps  initiated  to  offset  the  projected 
impacts.     Alternatives  open  to  county  or 
regional  planning  organizations  depend 
on  the  opportunities  in  Douglas  County 
and  the  resources  available  to  the  organi- 
zations.    The  input-output  model  can  be 
used  to  evaluate  alternatives  as  means 
to  offset  the  projected  consequences  of 
a  declining  private  timber  harvest.     Data 


needed  for  each  alternative  include  expen- 
diture and  receipt  patterns  according  to 
the  county  industries  in  the  model. 

Although  the  forest  resource  is 
renewable,  little  can  be  done  to  increase 
timber  volume  for  harvest  from  private 
lands  in  Douglas  County  during  the  next 
10  to  20  years.     Forest  management 
activities  initiated  now  will  require  from 
50  to  100  years  to  be  reflected  in  increased 
timber  harvest  in  the  county. 

Within  the  forestry  sector,  increased 
forest  management  activities  and  more 
intensive  utilization  of  the  timber  resource 
offer  potential  for  offsetting  at  least  some 
of  the  employment  consequences  of  a 
reduced  private  timber  harvest.    With 
appropriate  data,  the  input-output  model 
would  be  of  use  in  evaluating  alternative 
management  and  utilization  programs. 

Increased  Forest  Service  and  Bureau 
of  Land  Management  timber  harvest  in 
Douglas  County  is  a  potential  way  to  off- 
set a  short-run  harvest  decline  on  private 
lands.     Our  study  identifies  the  Douglas 
County  industries  which  would  be  affected 
by  this  change  in  policy.     The  feasibility 
of  this  shift  in  agency  policy  would  depend 
in  part  on  agency  objectives  and  the  ob- 
jectives of  private  landowners  in  Douglas 
County. 

Development  of  nontimber-dependent 
industries  is  another  alternative  which 
has  potential  for  offsetting  the  projected 
consequences  of  a  declining  private  timber 
harvest.     The  Douglas  County  input-output 
model  can  be  used  to  evaluate  new  indus- 
tries for  Douglas  County.     The  necessary 
information  is  the  expenditure  and  sales 
patterns  for  each  proposed  industry  in 
terms  of  the  county  industries  defined  in 
this  report.     The  potential  of  new  indus- 
tries for  Douglas  County  will  depend  on 
the  locational  and  resource  advantages 
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in  Douglas  County  as  compared  with 
other  competing  areas.      When  these 
industries  have  been  identified  and  the 
necessary  information  collected,    a  new 
column  and  a  new  row  can  be  added  to 
the  input-output  model  and  the  resulting 
economic  flows  evaluated  for  their  value 
in  offsetting  declines  in  the  timber- 
dependent  industries.    Evaluation  of  new 
industries  should  include  a  consideration 
of  the  industries'   local  purchase  and 
sales  patterns  and  the  total  sales  of  the 
industries.    A  study  by  Gudger  and  Smith 
(1972)  offers  potential  for  identifying 
promising  industries. 

USE  OF  THE  REPORT 
BY  THE  U.  S.  FOREST 
SERVICE  AND  THE 
BUREAU  OF  LAND 
MANAGEMENT 

Community  stability  is  one  of  the 
objectives  considered  by  the  Forest 
Service  and  Bureau  of  Land  Manage- 
ment in  planning  forest-land  management. 


Information  in  this  report  provides  the 
two  agencies  with  a  means  to  identify  the 
industries  and  agencies  in  the  county  which 
will  feel  the  impact  of  changes  in  appro- 
priations and  timber  sales.      When  the 
timber  processing  industry  output  is  con- 
strained by  timber  supply,  a  forward- linked 
multiplier  measures  the  impact  on  the  local 
economy  of  changes  in  timber  availability. 
Our  study  shows  that  the  forward-linked 
multiplier  for  the  Forest  Service  in 
Douglas  County  is  7.5  and  for  the  Bureau 
of  Land  Management,  9.8.     In  other  words, 
per  dollar  of  change  in  timber  sales  for 
the  Forest  Service,  total  sales  in  the 
county  change  by  $7.  50  and  for  the  Bureau 
of  Land  Management,  $9.80. 

The  input-output  model  can  be  used 
to  test  other  agency  policy  changes.    For 
each  proposed  policy,  data  are  needed  for 
agency  sales  and  expenditure  patterns  by 
county  sector.     Other  sectors'  sales  and 
expenditures  before  and  after  the  policy 
change  can  then  be  compared  to  evaluate 
economic  impacts. 
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APPENDIX  A.    Type  of  Business  or  Organization  in  Each  Sector-^ 


Sector 
number 


Sector 


Business  types 


Timber  harvesting  and 
hauling 


Logging  and  log  hauling  operations. 


Sawmills 


Plywood  and  veneer  mills 


Pulp,  paper,  particle- 
board  plants 

Commercial  fishing 


Largest  portion  of  sales  come  from  sale 
of  sawmill  lumber  and  products. 

Largest  portion  of  sales  from  plywood  and 
veneer  products. 

Largest  portion  of  sales  from  pulp,  paper, 
or  particleboard  products. 

Trollers,  trawlers,  gill  netters,  and 
commercial  clammers  and  crabbers. 


Horticulture 


Livestock 


Farms  that  receive  the  largest  portion  of 
their  gross  sales  from  the  sale  of  crops. 

Ranches  that  receive  the  largest  portion  of 
their  sales  from  the  sale  of  livestock. 


Manufacturing 


10 


Lodging 


Cafes  and  taverns 


Food  processors  (including  seafoods,  cream- 
eries, ice  cream,  bakers,  meat  and  poultry), 
soft  drink  bottling  companies,  machine 
manufacturing,  stone  and  clay  processors, 
glass  products,  box  products,  canvas  products, 
bioproducts,  foundries,  and  mining. 

Hotels,  motels,  trailer  parks,  apartments, 
boarding  houses,  rooming  houses. 

Restaurants,  cafes,  taverns,  drive-ins, 
short-order  eating  places,  and  ice  cream 
parlors. 


11 


Service  stations 


All  service  stations  and  wholesale  gasoline 
distributors. 


12  Automotive  sales  and 

service 


1     Source:    Youmans  et  al.   (1973). 


New  and  used  auto  and  trailer  sales,  tire 
stores,  parts  and  accessories,  auto  repair 
shops,  towing,  automotive  body  and  paint 
shops,  auto  upholstery,  boat  dealers,  trailer 
towing,  tire  recapping,  and  farm  implement 
dealers. 
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Sector 
number 


Sector 


Business  types 


13 


Communications  and 
transportation 


14 


Professional  services 


15 


L6 


Financial  services 


Construction 


17 


Retail  and  wholesale 
trade 


Trucking,   railroads,  airlines,  buses,   radio 
and  television  stations,  telephone  company, 
telegraphy,  newspapers,  television  cable 
company,  taxicabs,   auto  leasing,  moving 
vans,  trailer  rentals,  tugs,  and  barge  service. 

Hospitals,  doctors,  dentists,  lawyers, 
accountants,  bookkeepers,  chiropractors, 
architects,  surveyors,  engineers,  medical 
and  dental  laboratories,  optometrists, 
funeral  homes,  veterinarians,  ambulance 
service,  nursing  homes,  and  appraisers. 

Banks,  savings  and  loan  associations, 
stockbrokers,  financial  companies,  and 
credit  bureaus. 

Firms  that  contract  for  building,  electrical, 
plumbing,  road  and  highway,  painting,  heating, 
roofing,  flooring,  shipbuilders,  sand  and 
gravel  operations,  carpenters,  asphalt  paving 
companies,  concrete  manufacturers,  excavators, 
land  levelers,  masonries,  well  drillers, 
cabinet  makers,  tile  layers,  sheet  metal  firms, 
plasterers,  electrical  and  hardware  stores, 
steel  and  pipe  dealers,  retail  lumber  yards, 
salvage  companies,  and  commercial 
refrigeration  contractors. 

Natural  gas  companies,  fuel  oil  dealers, 
electric  utilities,  bottled  gas  suppliers, 
clothing  stores,  shoe  stores,  department 
stores,  variety  stores,  furniture  and 
appliance  stores,  jewelry  stores,  beer 
distributors,  drugstores,  office  supply 
stores,  milliners,  State-owned  liquor 
stores,  music  stores,  flower  shops,  camera 
shops,  paint  stores,  newsstands,  gift  shops, 
fisherman's  supply  stores,  printing  companies, 
cold  storage  and  ice  dealers,  wholesale- retail 
groceries  and  supermarkets,  and  all  whole- 
sale dealers  supplying  the  above  stores  if 
located  in  Douglas  County. 


:;i 


Sector 
number 


Sector 


Business  types 


18  Retail  services  and 

organizations 


Privately  owned  kindergartens  and  child 
nurseries,  photo  studios,  theaters,  bowling 
lanes  and  other  recreational  facilities, 
laundries  and  cleaners,  tailors,  barbers 
and  beauty  shops,  upholstery,  machine  and 
welding  shops,  car  washes,  private  business 
schools,  music  teachers,  repair  shops, 
unions,  lodges,  service  organizations, 
building  rental  services,  garbage  collectors, 
insurance  and  real  estate,  churches,  vending 
machine  operators,  private  parking  lots, 
trading  stamp  companies,  private  employment 
agencies,  janitorial  service,  credit  services, 
telephone  answering  service,  and  security 
police. 


19 


U.  S.   Forest  Service 


Transactions  of  the  U.  S.   Forest  Service 
conducted  in  Douglas  County  from  funds 
generated  by  stumpage  or  user-fees. 


19a  U.S.   Forest  Service 

appropriations 


Transactions  of  the  U.  S.   Forest  Service 
conducted  in  Douglas  County  from  Federal 
appropriations. 


20  Bureau  of  Land 

Management 


Transactions  of  the  Bureau  of  Land  Manage- 
ment conducted  in  Douglas  County  from  funds 
generated  by  stumpage  or  user-fees. 


20a  Bureau  of  Land 

Management 
appropriations 


Transactions  of  the  Bureau  of  Land  Manage- 
ment conducted  in  Douglas  County  from 
Federal  appropriations. 


21 


Education 


Includes  all  school  districts  in  the  county, 
Intermediate  Education  District  (IED),  the 
community  college,  and  the  county  super- 
intendent of  schools. 


22 


Law  enforcement 


All  transactions  concerning  the  county 
sheriff's  office,  including  tax  collection, 
and  all  justices  of  the  peace  and  district 
court. 


23 


County  roads 


All  transactions  involved  in  construction 
and  maintenance  of  county  roads. 
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Sector 
number 


Sector 


Business  types 


24 


25 


Social  services 


Administration 


All  transactions  of  the  county  health  depart- 
ment and  welfare  department,  including 
Federal,  State,  and  local.    Also  all 
salaries  and  office  supplies  of  employees 
of  county  welfare  department. 

All  transactions  of  the  following  county 
departments:    assessor,  treasurer,  county 
commissioners,  elections,  county  clerk, 
county  surveyor,  courthouse  maintenance, 
planning  commission,  land  agent,  humane 
officer  and  department,  veterans'  service, 
and  current  expense  account. 


26 


City  of  Roseburg 


All  transactions  conducted  by  the  City  of 
Roseburg. 


27 


City  of  Sutherlin 


All  transactions  conducted  by  the  City  of 
Sutherlin. 


28 


29 


City  of  Myrtle  Creek 


City  of  Reedsport 


All  transactions  conducted  by  the  City  of 
Myrtle  Creek. 

All  transactions  conducted  by  the  City  of 
Reedsport. 


30  Other  incorporated 

cities 


All  transactions  conducted  by  the  cities  of 
Winston,  Drain,  Riddle,  and  Canyonville. 


31 


Households 


Transactions  by  private  individuals  who 
are  Douglas  County  residents. 
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Visitors 


Purchases  made  by  individuals  not  identified 
by  the  business  operation  as  a  county  resident. 
This  should  include  a  major  share  of  tourists 
and  recreationists  visiting  the  county. 
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APPENDIX  B.    Procedure  for  Calculating  Impacts  of  Changes 

in  Timber  Availability 

The  input-output  technique  customarily  assumes  that  the  final  demand  for  each 
industry  is  given  and  the  industry  responds  to  produce  the  level  of  total  output  that  will 
meet  the  given  level  of  demand.     This  is  a  reasonable  assumption  for  the  timber  industry 
in  Douglas  County  in  the  short-term  situation.     However,  as  the  timber  inventory  of 
Douglas  County  declines,  the  output  of  the  timber  industry  becomes  more  and  more 
dependent  on  the  public  and  private  policy  decisions  that  affect  the  level  of  harvest.     It 
is  therefore  more  realistic  to  assume  that  changes  in  the  rate  of  harvest  from  one  owner- 
ship will  lead  to  equivalent  changes  in  product  output  than  to  assume  that  compensating 
changes  will  hold  output  stable.     Since  no  reliable  estimate  is  available  to  show  how  the 
changes  in  resource  availability  would  be  distributed  to  the  timber  sectors  (1,  2,  3,  4), 
these  industries  have  been  combined  into  one  timber  processing  sector  (1)  in  these 
analyses.     The  result  is  a  31x31  matrix  of  internal  sectors  as  compared  with  the  original 
34x34  matrix. 

In  a  situation  where  resource  availability  determines  the  level  of  industrial  output 
for  one  or  more  sectors,  the  procedure  for  calculating  the  impacts  of  resource  producing 
sectors  must  be  modified.     In  the  customary  input-output  formulation  the  inverse  matrix 
is  used  to  calculate  the  total  outputs  for  all  industries  when  the  final  demands  for  all 
industries  are  known.     When  one  or  more  of  the  total  outputs  are  known  (from  the  amount 
of  resource  available),  the  equations  with  total  output  known  must  be  solved  simultaneously, 
using  the  total  outputs  for  those  sectors  and  the  final  demands  for  remaining  sectors. 
Then  the  final  demands  for  all  sectors  are  used  to  solve  for  the  total  output  of  the  remain- 
ing sectors. 

There  are  four  points  where  significant  amounts  of  sales  of  stumpage  (or  logs) 
appear  in  our  input-output  matrices: 

1.  Sales  between  firms  within  the  timber  processing  industry  (1), 

2.  Sales  by  the  Forest  Service  (19)  to  the  timber  processing  industry  (1). 

3.  Sales  by  the  Bureau  of  Land  Management  (20)  to  the  timber  processing 
industry  (1). 

4.  Imports  of  timber  by  the  timber  processing  industry  (1). 

When  we  estimated  the  impact  of  a  change  in  resource  availability  from  one  of 
the  first  three  sources,  we  adjusted  the  technical  coefficients  so  that  as  total  output  of 
the  processing  sector  (1)  changes,  the  purchase  of  stumpage  from  other  sources  could 
be  held  constant. 

In  order  to  estimate  the  impact  of  a  change  in  timber  availability  from  an  owner- 
ship, we  needed  to  know  how  much  the  change  in  timber  availability  would  change  wood 
consumption  by  the  timber  processing  industry  (1).     Table  11  shows  the  timber  harvest, 
production,  and  export  volumes  used  in  our  analyses.     When  we  changed  timber  avail- 
ability from  an  ownership,  we  assumed  that  exports  would  change  proportionately.     For 
example,  when  timber  harvest  on  private  lands  decreased  50  percent,  we  decreased 
exports  from  private  lands  50  percent.     Because  exports  were  handled  this  way,    a 
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Table  11. -Douglas  County  log  flows  used  in  input-output  analyses!/ 
(Million   board    feet,    Scribner   scale) 


Timber  source 


Production  in 
Douglas  County 


Consumption  by 
Douglas  County  industry 


Exports 


Forest  Service 

Bureau  of  Land  Management 

Other  publ ic 

Private    lands 

Imports 

Total 


337 

340 

20 

695 


212 
303 
20 
403 
128 


125 
37 

292 


1,372 


1,066 


hsh 


—     Volume   estimates   based   on   information   from  Youmans   et   al.    (1973), 
USDA  Forest    Service    (1962-71),    and  Manock   et   al.     (1970). 


50-percent  reduction  in  private  harvest  caused  an  18.  9-percent  reduction  in  consumption 

(2Q1,  5  )  rather  than  a  32.6-percent  reduction  (347,  5  ) .      In  our  analyses,  imports 
1,066  1,066 

were  assumed  constant  at  128  million  board  feet  for  each  alternative. 

Example:    Calculating  the  impact  of  a  10  million-board-foot  reduction  in  Bureau 
of  Land  Management  timber  harvest. 


The  following  notation  is  used  in  our  example. 


Before  harvest 

After  harvest 

reduction 

reduction 

; 

y: 

x . 

z 

X\ 

^ 

z-J 


a.  . 


- 


•z-J 


a:  . 


final  demand  for  industry  i 

total  output  of  industry  % 

sales  of  industry  i  to  industry  j 
or  purchases  of  industry  j  from 
industry  i 

technical  coefficients 

coefficients  in  the  inverse  matrix 


::s 


The  following  sectors  were  involved  in  allocating  timber  volumes. 

Sector  name:  industry  i  or  j 

Timber  processing  (1) 

Forest  Service  sales  (19) 

Forest  Service  appropriations  (19a) 

Bureau  of  Land  Management  sales  (20) 

Bureau  of  Land  Management  appropriations  (20a) 

Imports  (34) 

We  assumed  that  the  proportion  (0.  109)  of  Bureau  of  Land  Management  sales 
exported  would  remain  constant  before  and  after  the  timber  harvest  decline.    Therefore, 
consumption  of  Bureau  of  Land  Management  timber  by  the  timber  processing  industry(l) 
should  decrease  by  0.891  (10  million  board  feet)  or  8.91  million  board  feet.      This 
amounts  to  0.  836  percent  of  the  total  timber  consumption  by  the  processing  industry  (1). 
Total  output  of  the  timber  processing  industries  is  therefore  constrained  to  99.  164 
percent  of  its  previous  level.    A  10  million-board-foot  reduction  in  Bureau  of  Land 
Management  timber  harvest  would  reduce  the  agency's  harvest  by  2.  941  percent.     Since 
exports  are  reduced  proportionately,  final  demand  for  the  Bureau  of  Land  Management 
would  decline  by  0.02941. 

We  now  have  the  necessary  information  to  solve  for  the  new  technical  coefficients 
that  will  reduce  Bureau  of  Land  Management  (20)  timber  sales  to  the  processing  sector 
(1)  by  10  million  board  feet  while  holding  other  sources  of  raw  material  constant  when 
total  output  of  the  processing  sector  (1)  declines  by  0.836  percent. 


a 


=     *20,1  =        $14,513,512      =      0.05740 
20,1                x'  $252,852,818 

„y  =     ^19,1  =        $10,472,367      =      0. 04142 

19,1  x'  $252,852,818 

1 


34 
Since    I         a.  .  =  1  and  the  same  must  hold  for  the    a'.  ■,   we  had  to  make  appro- 

priate  reductions  in  other  coefficients.     The  adjustments  are  made  to  the  coefficients 
representing  other  sources  of  stumpage.     The  following  tabulation  shows  the  net  change 
in  technical  coefficients  which  must  be  allocated  to  other  timber  supply  sectors. 

Before  harvest  reduction      After  harvest  reduction  Difference 

a20,l  0.05864  0.05740  -0.00124 

a                                     0.04107            0.04142            +0.00035 
19,1 

Net  change  -0.00089 
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The  net  change  of  -0.  00089  was  allocated  proportionately  to  the  timber  processing 
industry  (1)  and  imports  (33).     The  proportionate  allocation  was  based  on  the  amount 
sector  1  purchased  from  these  two  sectors  before  the  reduction  in  Bureau  of  Land 
Management  timber  harvest.     The  following  shows  the  adjustments  made  in  the  tech- 
nical coefficients  for  the  two  sectors. 


1,1 


33,1 


Before  harvest  reduction 

0.09028 
0.34485 


Allocation 

+0.00018 
+0.00071 


After  harvest  reduction 

0.09046 
0.34556 


Y '     can  now  be  solved  directly  since  final  demand  remains  a  constant  proportion 


of  total  output. 


Y2Q     =    $1,880,770 

Y'      =    (1-proportionate  reduction  in  BLM  sales)     Y„ 

Y^Q       .    (1-0.02941)     Y2Q    =     $1,825,457 

Y '    can  be  calculated  with  the  following  equation: 


yi  -  xi-  |s  wi/i > 


IP — 
Al.l 


X'.  can  then  be  calculated  with  the  following  equation: 
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X '.      =     E      A.  J 


J=l 


t-3  3 


Following  is  a  summary  of  the  calculations  for  all  resource  constrained  changes 
in  total  outputs,  technical  coefficients,  and  final  demand. 
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Industry  i   or  j 


Timber  supply  situation 


0) 

■§ 

■H 

u 


0) 
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w     05 
§•§ 

I       4-1 

«    hJ 

0  pq 

1  C 


4-J     05 


m    o>    co 


U  O  01 

QJ  3  > 

w  -o  n 

IH  I)  U 


05  3 
co  rH 
0) 

n 
o 
01 


td  4->  ,n 

05      05 

> 
u 


u  n)  |3 

U  JZ  o 
0) 

CL,  QJ  (-4 

I  4-1  0) 

O  CO  x 

in  >  4-j 


<    -H 


o 
u 


0) 

c        <u 

•H  > 

>,  u 

01  XI  cfl 

05  -C 

tO  4-J 

0)  QJ  S 

^  0)  _] 

a  4-j  pa 

QJ    t*-l 

-a    o  T3 
c 

4-1  -  CO 

C  4-1 

H  91  W 

O  OJ  (n 

S-i  > 

OJ  M  C 

a.  to  -h 

i    x. 
o 
m    oi 


i; 


CO 

CO     01 

>    u 

•i-t      O 

a.  -h 


Total  output  (X)  in  $1,000 


Processing  sector  (1) 

Forest  Service  (19) 

Forest  Service  (19a) 

Bureau  of  Land  Management  (20) 

Bureau  of  Land  Management  (20a) 


254,984 

252,853 

253,480 

206,792 

254,984 

16,698 

16,698 

16,203 

16,698 

23,227 

8,659 

8,659 

8,659 

8,659 

12,045 

16,855 

16,359 

16,855 

16,855 

23,445 

1,531 

1,531 

1,531 

1,531 

2,130 

Technical  coefficients  (a) 


Processing  sector  (1) 

Forest  Service  (19) 

Bureau  of  Land  Management  (20) 

Imports 


Processing  sector  (1) 

Forest  Service  (19) 

Bureau  of  Land  Management  (20) 


09028 

.09046 

.09041 

.08546 

.08219 

04107 

.04142 

.04009 

.05064 

.05713 

05864 

.05740 

.05899 

.07231 

.08157 

34485 

.34556 

.34535 

.32643 

.31395 

Final 

demand  (Y) 

in  $1,000 

4,657 

222,771 

223,328 

179,964 

224,412 

6,127 

6,127 

5,974 

6,127 

8,522 

1,881 

1,825 

1,881 

1,881 

2,616 
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ABSTRACT 

The  sex  attractant  or  pheromone  of  the  European  pine  shoot 
moth  is  a  chemical  compound  emitted  by  receptive  females  to  "call" 
males  for  purposes  of  reproduction.     This  "come-hither"  scent  is 
now  available  in  synthetic  form  and  can  be  utilized  in  a  very  sensi- 
tive trapping  device  to  indicate  the  presence  or  absence  of  the 
insect  in  a  particular  area. 

KEYWORDS:    Attractants  (-  pest  control),   European 
pine  shoot  moth,  Rhyaaionia  buoliana, 
survey  (insect). 
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INTRODUCTION 

The  distribution  of  the  European  pine 
shoot  moth,   Rhyaaionia  buoliana    (Schiff. ) 
has  steadily  increased  in  recent  years.    In 
addition  to  its  native  Old  World  distribution 
(Schroder  1966,  deBrewer  et  al.    1967),  the 
insect  is  now  an  established  pest  of  orna- 
mental and  plantation  pines  in  parts  of 
North  and  South  America  (Miller  1967, 
Miller  et  al.   1970,  deBrewer  et  al.    1967). 
In  eastern  North  America,  infestations  are 
established  in  southern  Ontario  and  the  New 
England  and  Lake  States  north  of  40°  north 
latitude  (Miller  1967).     In  western  North 
America,  infestations  are  primarily  re- 
stricted to  ornamentals  in  western  Wash- 
ington and  southwestern  British  Columbia; 
however,  other  western  locations  including 
areas  containing  natural  pine  stands  have 
been  indicated  as  potentially  susceptible 
(Daterman  1972  a;  Daterman  and  Carolin 
1973,    Carolin  and  Daterman  1974).     In 
South  America,    R.    buoliana     infestations 
are  established  in  Argentina  and  Uruguay 
(deBrewer  et  al.   1967).     There  is  concern 
the  insect  will  also  spread  to  extensive 
plantations  in  neighboring  Chile  (Billings 
1969). 

In  the  face  of  these  spreading  infesta- 
tions,  it  is  clear  that  a  reliable  detection 
method  is  needed  for  monitoring  the  extent 
of  the  insect's  distribution.     Sex  pheromone 
trapping  has  been  shown  to  be  more  sensi- 
tive than  visual  techniques  for  detecting 
shoot  moth  infestations  (Daterman  and 
McComb  1970).     The  chemical  structure  of 
the    R.    buoliana    pheromone  has  been 
identified  (Smith  et  al.   1974),   and  the  syn- 
thetic material  is  available  for  survey 
purposes.     The  purpose  of  this  report  is 
to  outline  the  procedures  for  using  the 
synthetic  sex  pheromone  in  traps  for 
detection  surveys. 


PHEROMONE  STRUCTURE  AND 
BAIT  FORMULATION 

The  sex  pheromone  of  European  pine 
shoot  moth  has  been  identified  as    trans  -9- 
dodecenyl  acetate  (Smith  et  al.   1974).     This 
pheromone  is  essentially  composed  of  a 
single  compound,   although  the  synthetic 
preparation  also  contains  1.  1-percent 
c-^s-isomer.     The  98.9  percent  pure  syn- 
thetic material  is  highly  attractive  to  the 
insect  when  released  at  optimal  rates 
(Smith  et  al.   1974).     A  supply  of  the  syn- 
thetic pheromone  is  now  commercially 
available.  1/ 

For  trapping  purposes,   it  is  necessary 
to  control  pheromone  release  rates.     This 
is  because:    (1)  male  response  is  highly 
dependent  on  the  quantity  released  from  a 
trap  (Smith  et  al.    1974);  and  (2)  the  seasonal 
flight  period  may  differ  by  geographic  loca- 
tion (Daterman  1972  a)  making  it  desirable 
for  a  given  trap  to  remain  attractive  for  a 
period  of  several  weeks.     These  require- 
ments were  met  by  incorporating  the  syn- 
thetic pheromone  into  a  polyvinyl  chloride 
plastic  formulation.     This  method  had  pre- 
viously been  used  to  successfully  conti*ol 
release  rate  of  cabbage  looper  pheromone 
(Fitzgerald  et  al.    1973). 

Steps  in  the  pheromone-plastic  for- 
mulation process  are  as  follows: 

(1)    Add  49  parts  (weight-basis)  of  the 
plasticizer  di-2-ethyl-hexyl-phthalate 
plus  2  parts  Advastab  BC-109^  (anti- 
oxidant) to  49  parts  polyvinyl  chloride 
low- temperature  fusing  resin  (Diamond 
PVC-74).ii/ 


—    Farchan  Division,  Story  Chemical  Corpora 
tion,  Willoughby,  Ohio. 

—'   Cincinnati  Milacron  Chemicals  Inc.  ,  New 
Brunswick,  N.J. 

— '  Diamond  Shamrock  Corp. ,  Cleveland,  Ohio. 


(2)  Stir  the  above  mixture  into  viscous, 
milk-white  plastisol. 

(3)  Add  synthetic  pheromone  in  sufficient 
quantity  to  make  a  5-percent  active 
formulation  (weight  basis).     Example: 
For  10  g  5-percent  pheromone-plastic 
formulation  add  0.  5  g  pheromone  to 

9.  5  g  plastisol. 

(4)  Stir  pheromone-plastisol  mixture 
thoroughly. 

(5)  Evacuate  air  bubbles  in  mixture  by 
placing  in  rotary  evaporator  under  a 
mild  vacuum  for  several  hours  (time 
period  will  vary  with  quantity  of 
plastisol). 

(6)  Place  plastisol  in  molds  for  fusing. 
Sections  of  glass-tubing  work  well. 
Pheromone-plastisol  mixture  can  be 
sucked  into  the  tube  by  vacuum.     The 
bottom  of  the  filled  tube  is  touched 
down  on  a  hotplate  to  seal  the  bottom 
opening  of  the  tube. 

(7)  The  filled  tubing  is  placed  in  an  oven 
at  145°  C  for  2-5  minutes  or  until  the 
milky  pheromone-plastisol  fuses  into  a 
solid,  translucent,  pheromone-plastic. 

(8)  To  remove  the  finished  formulation 
from  the  glass  molds,  break  the  glass, 
run  cold  water  into  the  break,  and 
slide  the  glass  off  the  plastic.    The 
flexible  pheromone-plastic  rods  can 
then  be  cut  into  desired  lengths  for 
trap  lures. 

(9)  The  pheromone  formulations  can  be 
stored  for  an  indefinite  period  by 
leaving  the  glass  molds  intact, 
wrapping  in  aluminum  foil,  and 
holding  at  temperatures  lower  than 
0°  F. 

TRAPPING  DEVICES 

The  commercially  available,  fold- 
open,   3M  Brand  Sectar  I4/  sticky  trap  was 
used  exclusively  in  field  evaluations  of 

— '  3M  Brand  Sectar  I  adhesive  traps  now  avail- 
able from  Zoecon  Corp. ,  975  California  Ave. ,  Palo 
Alto,  Calif. 


the  synthetic  pheromone  (fig.    1).     The 
advantages  of  these  traps  are  their  nominal 
cost,  compactness  for  storage  and  trans- 
port, and  ease  of  operation.    The  phero- 
mone-plastic baits  can  simply  be  dropped 
onto  a  sticky  surface  of  the  opened  traps, 
or  suspended  from  a  pin  stuck  through  the 
trap  (fig.   1).    Different  colored  traps  are 
available,  but  an  evaluation  of  color  prefer- 
ence indicated  plain  white  traps  were  best 
for  R.    buoliccna    survey  trapping  (table  1). 
The  Sectar  1  traps  operate  effectively  for 
the  shoot  moth  with  the  end  "flaps"  in 
either  the  open  or  closed  position. 

As  an  alternative  to  the  commercial 
Sectar  traps,  a  serviceable  "home-made" 
sticky-trap  can  readily  be  constructed 
from  pint-  or  quart- sized  cylindrical  ice 
cream  cartons.    These  have  been  used 
previously  in  pine  shoot  moth  sex  attrac- 
tant  experiments  (Daterman  and  McComb 
1970).    Briefly,  one-half  of  each  end  (lid 
and  bottom)  of  a  carton  is  removed,  the 
interior  is  coated  with  an  adhesive  such 
as  stikem-special,—     the  attractive  bait 
is  added,  and  the  trap  is  placed  in  the 
field  by  suspending  it  by  wire  or  string 
from  a  tree  branch. 

PHEROMONE  DOSAGE 

Figure  2  illustrates  the  emission 
of  pheromone  at  a  constant  temperature 
(76°  F)  from  a  piece  of  the  pheromone- 
plastic  formulation,  3-mm-diameter  by 
5-mm-long.    This  emission  rate  could 
be  varied  by  changing  the  sample  shape 
(weight  to  surface- area  ratio)  or  the  con- 
centration of  the  active  component  (Fitz- 
gerald et  al.   1973).     This  particular  curve 
(fig.  2),  however,  is  appropriate  for 
relating  pheromone  dosage  and  male 
response  to  duration  of  trap  effectiveness. 
Specific  details  for  calculating  emission 


5/ 

-    Michel  and  Pelton  Co. ,   Emeryville,  Calif. 


Figure  1. — Adhesive  trap  showing  captured  R.    buoliana   males  and 
pheromone-plastic  bait  suspended  on  pin  (arrow) . 


Table  1. — Effect  of  trap  color  on  response  of  male  European 
pine  shoot  moth  to  Seotar  I  traps  uniformly  baited 
with  synthetic  pheromone 


Item 

Trap  color 

White 

Fluorescent  yellow 

Dark  green 

1/2/ 
Mean  number  males  per  trap 

39.13 
(±9.2) 

3.25 
(±  -8) 

17.38 
(±  3.7) 

—  Each  treatment  replicated  8  times. 

2/ 

—  Standard  error  of  mean  in  parentheses. 


70,. 


Curve  derived  from  equation  :      log  y  =  4.1  — 047x 

where  : 

y  =  pheromone  emission 
x  =  time  in  days 


50  60 

TIME,  DAYS 

Figure  2. --Rate  of  pheromone  emission  from  5-mm-long  by  3-mm- 
diameter  pheromone-plastic  section  (5-percent  active) . 
Plotted  points  determined  by  weight-loss  analysis  at  con- 
stant temperature  of  76°  +  1°  F, 
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rates  of  pheromone  from  plastic  formula- 
tions have  been  given  by  Fitzgerald  et  al. 
(1973)  and  Smith  et  al.   (1974). 

Figure  3  summarizes  dosage  re- 
sponse to  different  pheromone  release 
rates.    The  synthetic  baits  are  clearly 
more  attractive  than  the  live  females. 
It  is  significant  to  note  that  even  after  an 
exposure  period  of  3  months,   at  a  constant 
76°  F  temperature,  the  synthetic  bait  would 
still  be  considerably  more  attractive  than 
live  females  (figs.  2  and  3). 

Figure  3  data  were  obtained  by  bait- 
ing traps  with  different  sized  pieces  of  the 
5-percent  pheromone-plastic  formulation 
and  exposing  the  traps  in  the  field  for  four 
consecutive  days  and  nights.     The  three 
most  effective  dosages,   averaging  5,  33, 
and  56  nanograms  per  minute,  were  not 
significantly  different  from  one  another  at 
p  =  0.  05  (Smith  et  al.   1974).     Thus,  by 
relating  the  information  in  figures  2  and  3, 


we  see  that  a  5-percent  active,  3-mm- 
diameter  by  5-mm-long  section  of 
pheromone-plastic  will  maintain  optimal 
release  rates  of  5-56  nanograms  phero- 
mone per  minute  for  a  period  of  almost 
50  days  at  a  constant  temperature  of  76°  F. 
This  residual  capability  of  the  baits  should 
simplify  operational  survey  work  since 
some  of  the  traps  can  be  placed  in  the 
field  in  advance  of  the  actual  flight  season 
and  bait  recharging  will  not  be  necessary. 

The  curve  in  figure  2  is  derived 
from  data  obtained  at  a  constant  tempera- 
ture regime;  hence  local  conditions  at 
field-trapping  locations  could  greatly  in- 
fluence pheromone  loss  rates.     To  evaluate 
this  aspect,  samples  of  the  pheromone- 
plastic  formulation  were  exposed  (in  traps) 
outside  the  Corvallis  laboratory  for  8-day 
periods  during  "cool"  and  "hot"  summer 
weather.    The  "cool"  period  was  character- 
ized by  intermittently  cloudy  and  some 
clear  weather  with  daily  maximum 
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Figure    3. — Field   attraction   of  R.    buoliana  males   to   natural   and   synthetic 
pheromone   baits.       (Six   replicates   per    treatment;    response   to   three  best 
treatments   not   significantly   different   at  p   =    0.05). 


temperatures  of  68°- 74°  F.     The  "hot" 
period  was  characterized  by  mostly  clear 
skies  and  daily  maxima  of  80°- 85°  F.     Dur- 
ing the  first  8  days  of  exposure,  the  labora- 
tory sample  (constant  76°  F)  had  a  net  loss 
of  29  percent  of  its  pheromone  charge, 
whereas  the  "outdoor"  samples  lost  18  per- 
cent during  "cool"  weather  conditions  and 
37  percent  during  8  days  of  "hot"  weather. 
Based  on  the  above,  the  3-mm-diameter 
by  5-mm-long  pheromone-plastic  section 
would  emit  attractant  at  optimum  levels  for 
at  least  a  5-  to  6-week  period  even  during 
periods  of  continuing  hot  weather. 

The  emission  rate  of  pheromone  from 
the  controlled- release  formulation  is  very 
closely  approximated  by  the  equation: 

log    y    =    4.  1  -  .  047  x 

where  a?    =    time  in  days 

y    -   pheromone  emission 
(nanograms/min) 


The  curve  in  figure  2  expresses  this 
relationship  graphically.     Such  curves 
will  change  with  temperature,  but  have 
considerable  value  for  predicting  the 
active  life  of  pheromone  baits  for  trapping 
programs. 

TRAP  PLACEMENT 

Once  trapping  devices  and  phero- 
mone baits  have  been  assembled,  questions 
arise  concerning  the  number  of  traps  per 
unit  area  that  are  necessary  for  survey.    In 
natural  forests  or  plantations,  the  number 
of  traps  is  determined  by  the  effective  phero- 
mone response  distance  by  male  moths. 
Response  distance  estimates  are  difficult 
because  of  the  number  of  influencing  factors 
and  the  extreme  variability  of  the  biological 
parameters  involved.     Nevertheless,   rea- 
listic estimates  can  be  made;   and  when 
considered  from  this  point  of  view,  the 
values  listed  below  should  provide  sound 
guidelines  for  trap  placement. 


Distance  response  estimates  for 
R.    buoliana  males  are  based  on  the 
Bossert  and  Wilson  (1963)  formula  to 
calculate  the  theoretical  mean  maximum 
distance  of  pheromone  communication  in 
moving  air.    This  formula  with  supple- 
mental variations  was  also  used  by 
Sower  et  al.    (1971,   1973)  to  calculate 
response  distance  of  the  cabbage  looper, 
Trichoplusia  ni.      The  formula  is: 

4/7 
X  =     l<^~ 


/say 


where:    X   =    response  distance  (cm) 

Q   =   pheromone  emission  rate 
(ug/sec) 
pheromone  response  thresh- 
old (ug/cm^  of  air) 
wind  velocity  (cm/sec) 


K   = 


v    = 


The  numerical  constants  in  the  formula 
are  concerned  with  dispersion  of  a  gas  as 
influenced  by  wind  velocity.     For  dis- 
cussion of  this  topic,  see  Sutton  (1953) 
and  Bossert  and  Wilson  (1963). 

The  estimate  of  K  was  based  on 
weight-loss  of  synthetic  pheromone-plastic 
formulation  (0.  5  percent  active)  and 
accompanying  bioassays  of  small  samples 
of  the  formulation.    This  method  yielded 
a  K   estimate  of  4.5  x  10"11  pg/cm3.     The 
method  of  bioassay  was  the  same  used  to 
quantify  male  responses  to  female  equiva- 
lency fractions  of  the  natural  pheromone 
in  a  prior  study  (Daterman  1972fc).    This 
K  value  approximates  an  average  phero- 
mone response  threshold,  since  40-50 
percent  of  the  test  males  responded  to 
this  level  of  pheromone  emission. 

Under  favorable  conditions  (low, 
steady  wind  velocity  of  0.  1  mi/h),  average 
male  communication  distance  to  an  opti- 
mal dosage  of  the  synthetic  pheromone 
could  reach  198  meters  or  0.  12  mile.    A 
small  percentage  of  males  have  a  lower 
pheromone  response  threshold  and  thus 


could  respond  over  even  longer  distances. 

Wind  velocity  is  extremely  impor- 
tant.   At  higher  wind  velocities,  potential 
response  distance  decreases  because  of 

(1)  a  more  dilute  initial  concentration  of 
pheromone  near  the  emission  source  and 

(2)  a  more  rapid  gas  dispersion  due  to 
more  turbulence  (Sutton  1953).     Figure  4 
illustrates  the  pheromone  response  dis- 
tance for  R.   buoliana    at  various  wind 
velocities  for  two  levels  of  pheromone 
dosage.    The  highest  dosage  level,  which 
corresponds  to  a  fresh  bait,  has  the 
capacity  of  drawing  males  25-200  m 
(80-650  ft)  with  steady  wind  conditions 
ranging  from  0. 1  to  4.  5  mi/h.    The  lower 
dosage  level,  which  corresponds  to  a 
pheromone  bait  that  has  been  in  the  field 
for  6-8  weeks,  could  attract  males  a 
distance  of  6-50  m  (20-160  ft)  under  the 
same  wind  conditions.    Upwind  flight  of 
R.    buoliana    ceases  at  wind  speeds  of 

6  mi/h  or  higher  (Green  and  Pointing  1962) 
which  would  cause  distance  response  to 
the  pheromone  to  break  down  at  that  point. 

With  these  dimensions  in  mind,  it 
is  possible  to  construct  a  grid  pattern  of 
pheromone  traps  that  is  applicable  for 
survey  of  large  land  areas.    One  trap  per 
4  acres  should  be  highly  efficient  for 
detection  of  shoot  moth  infestations  in 
such  areas  as  forest  or  Christmas  tree 
plantations,  forest  regeneration  lands, 
or  large  nursery  plantings.    Figure  5 
illustrates  the  effective  attraction  distance 
of  synthetic  baits  that  have  been  in  the 
field  for  various  periods  of  time.    Since 
a  given  male  shoot  moth  would  remain 
available  for  capture  over  a  period  of 
10  days  to  2  weeks  and  would  itself  move 
around  within  the  survey  area,  the  degree 
of  coverage  indicated  by  figure  5  should 
be  very  efficient  for  detection  purposes. 
The  0.  5-mi/h  wind  velocity  used  as  a 
basis  for  calculation  of  distance  response 
values  in  figure  5  may  appear  somewhat 
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Figute  4. — Effects  of  different  wind  velocities  and  dosage  on 
potential  pheromone  response  distance  by  R.  buoliana  males 
(temperature  76°  +1°  F) . 


Figure  5. — Effective  pheromone 
communication  distance  (radii) 
of  various  R.    buoliana   phero- 
mone baits  at  a  steady  wind 
speed  of  20  cm/sec  (0.5  mi/h) , 
in  relation  to  a  1.6-hectare 
(4-acre)  land  area  (constant 
temperature  76°  ±1°  F) . 


A  =    fresh'  synthetic  bait  (56   nanograms/min) 

B  ==  3-4-week-old  bait  (23  r.anograms/min) 

C  =  6-8-week-old  bait  (5  nanograms/min) 

D  =  average  live  female    (0  4  nanogram/min-estimated) 


low;  however,  this  type  of  gentle  wind 
action  is  not  uncommon  during  summer 
evenings.    If  stronger  evening  winds  pre- 
dominate in  a  particular  area,  the  number 
of  traps  per  unit  land  area  must  increase 
accordingly  (fig.  4). 

Where  it  is  necessary  to  survey 
residential  areas,  parks,  golf  courses,  etc. , 
the  pheromone  response  distance  indicated 
in  figures  4  and  5  do  not  necessarily  apply. 
The  presence  of  buildings,  movement  of 
humans,  automobile  traffic,  and  artificial 
lighting  will  no  doubt  have  some  effects  on 
flight  behavior  and  pheromone  response 
of  males.    The  moths  might  not,  for  ex- 
ample, cross  open  or  lighted  areas  in 
response  to  the  pheromone  signal.    The 
best  policy  in  this  situation  is  to  place 
traps  in  as  many  individual  pine  plantings 
as  resources  will  permit  for  a  given  resi- 
dential area. 

Previous  experience  (Daterman  and 
McComb  1970)  has  proven  that  individual 
traps  are  most  effective  if  placed  on  host 
trees.     Flying  males  orient  around  the 
periphery  of  the  top  half  of  the  crown  of 
host  trees.     This  is  not  surprising  since 
receptive  females  most  frequently  locate 
themselves  on  pine  needles  in  the  outer 
edge  of  the  crown.    Therefore,  traps 
should  be  placed  toward  the  top  or  upper 
one-third  of  the  foliage  crown  of  the 
pine.     Also,    traps  should  be  situated  on 
the  outer  periphery  of  the  pine  foliage, 
as  opposed  to  being  hidden  beneath  the 
branches.      For  taller  host  trees,   a 
trap  height  of  5-7  feet  above  ground  is 
adequate.     When  host  plants  are  small 
and  fragile,  it  might  be  necessary  to 
place  the  traps  on  stakes  or  some  other 
support.     Even  in  these  situations,  how- 
ever,   the  traps  should  be  placed 
directly  adjacent  to  the  host  plant  and 
preferably  touching  the  foliage. 


SEASONAL  TIMING 

The  residual  capacity  of  the  controlled- 
release  pheromone-plastic  baits  greatly 
simplifies  the  problem  of  placing  traps  in 
the  field  coincident  with  the  onset  of  sea- 
sonal flight.    Even  if  traps  are  put  out  a 
month  or  more  prior  to  adult  emergence, 
the  baits  will  still  be  highly  attractive 
(figs.  2  and  3).     In  spite  of  this  obvious 
advantage,  however,  the  fresher  the  trap, 
the  more  efficient  the  bait  (figs.  4  and  5). 
Therefore,  trap  placement  should  coin- 
cide as  nearly  as  possible  with  the  begin- 
ning of  the  seasonal  flight  period. 

For  infestations  in  western  Wash- 
ington and  northwestern  Oregon,  adult 
flight  usually  begins  during  early  June; 
and  pheromone  survey  traps  should  be  in 
place  for  these  areas  by  June  5.     For 
southwestern  Oregon  and  lower  elevations 
east  of  the  Cascade  Mountains  in  Oregon 
and  Washington,     R.    buoliana   flight  may 
be  in  progress  by  mid- May.    For  these 
areas,  traps  should  be  in  place  by  May  10. 

For  higher  elevations  (>  4,  000  ft) 
east  of  the  Cascade  summit,  spring 
development  of    R.    buoliana    is  slower 
(Daterman  1972  a  )  and  flight  will  not  occur 
until  late  June  or  July.     For  such  locations, 
pheromone  traps  should  be  in  place  by 
June  20. 

CAPTURED  MOTHS 

Any  moths  captured  in  pheromone 
traps  should  be  saved  for  examination  by 
personnel  knowledgeable  in  species  iden- 
tification.   Although  lepidopteran  phero- 
mone responses  are  rather  specific,  some 
cross- attraction  between  species  can  occur. 
Since  the  finding  of   new  infestations  can 
have  far-reaching  economic  implications, 
any  captured  specimens  should  be  saved 
for  positive  identification. 


If  left  in  the  sticky  traps,  captured 
moths  eventually  (approximately  30  days) 
become  saturated  with  the  adhesive  com- 
pound which  causes  a  loss  of  their  distinc- 
tive color  patterns.     When  this  occurs 
the  specimens  can  be  recovered  by  soak- 
ing in  hexane.     Before  soaking,  trapped 
specimens  should  be  placed  in  a  "relaxing" 
container  (humid  environment)  for  a  period 
of  36-48  hours.     The  "relaxing"  procedure 
is  necessary  to  prevent  damage  to  the 
captured  moths  which  become  dry  and 
brittle  after  long  periods  in  the  traps. 

OTHER  POTENTIAL  APPLICATIONS 

Because  of  the  general  effectiveness 
of  the  synthetic  pheromone  formulation, 
other  than  survey  uses  should  be  consid- 
ered.   In  areas  where  the  shoot  moth  is 
an  established  pest,  for  example,  phero- 
mone traps  might  be  used  to  time  the 
application  of  control  agents.    If  admin- 
istered by  regulatory  agencies,  particular 
areas  or  locations  could  be  certified  as 
being  free  of  R.    buoliana    infestation 
following  an  intensive  area-wide  survey- 
trapping  program.     Finally,  population 
control  by  pheromone  applications  may 
be  possible  by  the  "trapping- out"  or 
"male- annihilation"  techniques  (Knipling 
and  McGuire  1966),  or  by  mating  disrup- 
tion (Shorey  et  al.   1967).     The  latter 
application  is  being  investigated. 


SUMMARY  AND  CONCLUSIONS 

(1)  The  sex  pheromone  of  European  pine 
shoot  moth  has  been  chemically  iden- 
tified as    trans  -9-dodecenyl  acetate. 
The  active  synthetic  material  con- 
tains 1.  1  percent    ais -isomer. 

(2)  The  synthetic  pheromone  has  been 
formulated  in  a  solid-plastic  matrix 
to  control  emission  in  the  field.     In 
comparison  to  live  females  these 
synthetic  baits  are  substantially  more 
attractive  to  male  moths. 

(3)  A  5-mm-long  by  3-mm-diameter 
section  of  the  pheromone-plastic 
formulation  (5-percent  active)  repre- 
sents an  optimal  dosage  for  attraction 
to  adhesive  traps.     The  bait  section 
can  be  suspended  from  a  pin  stuck 
through  the  top  of  the  trap,  or  simply 
dropped  onto  the  sticky  surface  of  the 
floor  or  sides  of  the  open  trap. 

(4)  The  effective  distance  of  male  response 
to  the  traps  depends  on  many  variables. 
With  optimal  wind  conditions,    the 
synthetic  baits  are  capable  of  attract- 
ing males  a  distance  of  198  meters 
(650  ft). 

(5)  Over  large  uniform  plantings  such  as 
forest  lands,  nurseries,  or  pine 
plantations,  one  trap  should  be  allo- 
cated per  4  acres.     For  ornamental 
plantings  in  residential  areas,  traffic, 
artificial  lighting,  and  other  distur- 
bances can  disrupt  normal  male 
responses  to  the  pheromone  signal. 
The  best  policy  in  such  areas  is  to 
place  traps  in  as  many  individual 
pine  plantings  as  resources  will 
permit. 

(6)  Any  captured  moths  should  be  saved 
for  positive  identification. 
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The  mission  of  the  PACIFIC  NORTHWEST  FOREST 
AND  RANGE  EXPERIMENT  STATION  is  to  provide  the 
knowledge,  technology,  and  alternatives  for  present  and 
future  protection,  management,  and  use  of  forest,  range,  and 
related  environments. 

Within  this  overall  mission,  the  Station  conducts  and 
stimulates  research  to  facilitate  and  to  accelerate  progress 
toward  the  following  goals: 

1.  Providing  safe  and  efficient  technology  for  inventory, 
protection,  and  use  of  resources. 

2.  Development  and  evaluation  of  alternative  methods 
and  levels  of  resource  management. 

3.  Achievement  of  optimum  sustained  resource  produc- 
tivity consistent  with  maintaining  a  high  quality  forest 
environment. 

The  area  of  research  encompasses  Oregon,  Washington, 
Alaska,  and,  in  some  cases,  California,  Hawaii,  the  Western 
States,  and  the  Nation.  Results  of  the  research  will  be  made 
available  promptly.  Project  headquarters  are  at: 

Fairbanks,  Alaska  Portland,  Oregon 

Juneau,  Alaska  Olympia,  Washington 

Bend,  Oregon  Seattle,  Washington 

Corvallis,  Oregon  Wenatchee,  Washington 
La  Grande,  Oregon 

Mailing  address:     Pacific  Northwest  Forest  and  Range 
Experiment  Station 
P.O.  Box  3141 
Portland,  Oregon  97208 


GPO   991  -667 


// 


The  FOREST  SERVICE  of  the  U.  S.  Department  of  Agriculture 
is  dedicated  to  the  principle  of  multiple  use  management  of  the 
Nation's  forest  resources  for  sustained  yields  of  wood,  water, 
forage,  wildlife,  and  recreation.  Through  forestry  research,  co- 
operation with  the  States  and  private  forest  owners,  and  man- 
agement of  the  National  Forests  and  National  Grasslands,  it 
strives  —  as  directed  by  Congress  —  to  provide  increasingly  greater 
service  to  a  growing  Nation. 


